Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



TREATISE ON VALVE-GEARS. 



TEBATISB 



VALVE-G EARS, 



WITH SPECIAL CONSIDERATION 



LINK-MOTIONS OF LOCOMOTIVE ENGINES. 



Bt Dr. GUSTAV ZEUNEB, 

PROFESSOR OF APPLIED 



thamlated fbom the fourth qebman edition. 



By Professor J. F. KLEIN, 




LONDON: 
E. & F. N. SPON, 16, CHARING CROSS. 

NEW YORK: 
35, MUBBAY STREET. 

^--^ 1884. 



ril'y^ I 



EDITOR'S PEEFACE 
TO THE REVISED ENGLISH EDITION. 



•*o^ 



In preparing this translation of the Fourth German Edition, the 
Editor's work consisted principally in making the retained portions of 
the Translation of the Third Edition somewhat less literal, in trans- 
lating the additions to the First Part and the whole of the Second 
Part, and in correcting a few errors in the formulse. The portions for 
which the Editor is alone responsible, are the tables on pp. 8 and 9, and 
the bracketed footnotes. 

J. F. Klein. 

Bethlehem, Pa., July 1884. 
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The great circulation and the general acknowledgment which 
Professor Zeuner^s Circle Diagram obtained in a few years amongst 
the Grerman Engineers, and also the little knowledge of it which exists 
in England, have induced me, on the occasion of the publication of 
the Third Edition of Professor Zeunor's * Treatise on VaJve-Motions * 
to translate this edition into the English language. I now hand over 
to the public this Translation (which is as nearly as possible a literal 
one), and have only to add the desire, that the excellent work by 
Professor Zenner may meet in England with the same success as 
it has in Germany, and that it may be as generally adopted. 

Mobitz Müller. 



PREFACE 



TO THE FOURTH GERMAN EDITION. 



In preparing the present edition of "Valve-Gears," I have paid 
especial attention to the second part, which treats of double slide- 
valves (gears with independent cut-oflf). This part of the book has 
been entirely rewritten, and may, in a certain sense, be regarded as 
exhausting the subject. I have tried to solve the problem, not 
altogether easy, of discussing all the double valve-gears which are of 
interest and importance from the theoretical and practical stand- 
point, without too greatly increasing the size of the book ; it was 
therefore necessary to present the subject in a short, precise fashion 
considering principally the important points, the subordinate points 
being merely indicated, or, in some cases, omitted. It is to be hoped 
that this condensed presentation will not render the book less clear 
or easy to understand. The principles employed in the theory of 
double slide-valves are not new; the principal proposition, which 
might be called the parallelogram of eccentriciiies, was deduced and 
applied in my first articles in the Civil-Ingenieur^ and was also used 
in the later editions of this book in the discussion of Meyers and 
Poloneeau^s valve-gears. 

I thankfully acknowledge the assistance rendered me in preparing 
this edition by Prof. L. Hauffe, of the Technical School at Vienna, 
and Prof L. Kargly of the Polytechnic School at Zurich. 

Gustav Zeunee. 
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TREATISE 



ON 



VALYE-GEARS 



INTRODUCTION. 



The valve motion of steam engines has to perform the duty of 
admitting the steam directly from the boiler to the cylinder alter- 
nately before and behind the piston^ and of releasing the used steam 
into the air in non-condensing engines, and into the condenser in 
engines with condensation. 

The entrance and exhaustion of the steam take place through the 
two steam-ports, one of which leads to each end of the cylinder. 
Now, in the construction of the valve-gear, the problem is to open 
the entrances of these ports alternately by the application of 
peculiar arrangements at one time to the steam-pipe, and at the 
other time to a port which communicates either with the open air or 
with the condenser. These arrangements, which act directly in the 
manner stated, form the so-called inside gear, and consist of slide- 
valves, valves, or cocks. 

Those parts of the steam engine which transfer motion from the 
engine itself to the above-mentioned arrangements, are comprised 
imder the name " outside gear^ 

They are divided principally into those gears in which this 
motion is given by eccentric discs (eccentrics), and those obtaining 
their motion from oscillating levers. 

The slide-valve gears are those which are most applied and most 
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important, and as they alone lead to theoretical studies of the dis- 
tribution of steam effected through them, an investigation into the 
seldom-applied valve and cock-gears has been entirely omitted in the 
following treatise. The slide-valve consists generally of a hollowed 
plate, which moves backwai-ds and forwards over the entrances of the 
steam-ports ; or if the slide-valve acts as a so-called expansion slide- 
valve, it only consists of a single plate, which may or may not have 
slots or ports for the admission of steam. 

Slide-valve gears are divided into two kinds : — 

(1) Slide-valve gears with one slide-valve; and 

(2) Slide-valve gears with two slide-valves. 

The slide-valve gears are always constructed in such manner as 
to admit the steam into the cylinder, not during the whole stroke of 
the piston, but ouly during a greater or smaller part of it ; after the 
cutting off, the steam acts by its extension, or as it is called, by 
expansion. Now this earlier or later cut-off, or the greater or less 
expansion may be effected very well, as will be shown further on, by 
one single slide-valve ; but there are certain limits for the expansion 
thus effected, and it very often happens that the distribution of 
steam effected by one slide-valve when cutting off soon proves to be 
disadvantageous. Slide-valve gears with two slide-valves are applied 
in such cases ; besides the distr^viion valve, a second one is used, 
called the expansion valve, and which has only to regulate the 
admission and cutting off of the steam. 

The motion of the slide-valve is produced, with very few ex- 
ceptions, by means of eccenti'ics. For motions with one slide-valve 
there are employed one or two eccentrics ; one eccentric is applied if 
the rotary motion of the engine takes place always in the same 
direction, while two eccentrics are generally applied if the motion of 
the engine has to be sometimes reversed. Motions of the latter kind, 
which are to be found with locomotive, marine, and winding engines, 
will be called in fnture '■ reversing motions." 

The motions with two slide-valves have generally two or three 
eccentrics ; in the first case, each of the two eccentrics moves one slide- 
valve ; this arrangement is most applied to stationary engines, which 
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run always in the same direction. In the case of a reversing motion 
with two slide-valves, either three or two eccentrics are applied. If 
there are three eccentrics, one governs the motion of the expansion 
valve, and the two others the motion of the distribution valve ; but 
in this case also two eccentrics only are very often applied. 

The number of the eccentrics, however, cannot at all be taken as 
a starting point for the classification of the different systems of 
motions ; should it appear desirable to classify the two sorts of 
motion — the motion with one valve and that with two valves — into 
subdivisions, the manner in which the expansion is governed would 
be the only base to start from, and both kinds of motion may then be 
divided as follows : — 

(a) Motions with fixed or unvariable expansion. 

(b) Motions with variable expansion. 

In motions of the first kind the cutting-off of the steam by the 
slide-valve takes place always at the same point of the stroke of the 
piston, while in the case of motions with variable expansion the cut- 
off may be effected at any point of the stroke. The latter motions 
may again be distinguished according to whether an alteration of the 
expansion requires the stopping of the engine, or whether the alter- 
ation can be effected whilst the engine is running. But in the 
following pages no notice will be taken of the above-given classifi- 
cation, for a general view of the demonstration cannot be attained 
by it ; and all motions examined in the following pages, with the 
exception of the motion with one valve and a fixed eccentric first 
considered, are those which allow a variable expansion, and in which 
the alteration of the expansion may be effected during the running 
of the engine. 



FIRST PART. 



VALVE-GEARS WITH ONE SLIDE-VALVE. 



TALTE-GEARS WITH ONE SLIDE-VALVE. 



SECTION I. 

SIMPLE VALVE-GEAR WITH FIXED EXPANSION. 



CHAPTER I. 

Desceiption op the Simple Valve-gbab with Q Slide-valve. 

The investigation of the subject of valye-gears may be introduced 
by a description of the principal parts of a horizontal steam-engine, 
auch as is represented in Fig. 1, PI. I. 

The motion of the piston B, is transmitted through the piston-rod 
E A to the crosahead A, and from this through the connecting-rod 
A R to the pin R of the crank R. The reciprocating motion of 
the piston is thus converted into the rotary motion of the crank. 

The engine - shaft carries, in addition to the crank, the 
eaoeniric sheave or eccentric D, which ia a circular disk whose centre 
E lies outside of the shaft centre ; the line joining the points 
and E makes a certain angle with the direction of the crank, and 
the length of this line is called the eccentricity. One end of the 
eccentric-rod F C encloses the eccentric with a ring called the Btra'p, 
while the other end ia jointed to the Talve-rod of the ateam-valve 
S. As a consequence of the rotary motion of the engine-shaft, thef 
eccentric fised to this shaft will cause the end C of the valve-rod to 
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have a rectiliaear, reciprocating motion, as if the motion proceeded 
from a crank of a length equal to the eccentricity E of the 
eccentric. 

The valve moves within the steam-chest K, which is connected 
with the boiler by the ateam-pipe, and is, therefore, constantly filled 
with fresh steam. The cylinder is provided with three steam 
passages o„ o and Oo, two of them o, and o, leading to the ends of the 
cylinder, and the third Oa communicating either with the atmosphere 
or with the condenser. The entrances (or ports) to these passages 
from the steam-chest lie in a plane called the valve-seatj upon which 
the valve-face slides to and fro. The valve is hollowed on the inside 
and is called a Q-valve, on account of its form. Now it is easy to 
Bee that fresh steam from the steam -cheat will pass through the passage 
0] to that end of the cylinder which is on the left of the piston C, 
so long aa the valve is sufSciently far to the right of its middle 
position. At the same time the steam to the right of the piston will 
escape from the cylinder through the passage o, and through the 
cavity in the valve to the exhaust-passage Opj '"■n'l from there to the 
atmosphere or condenser. On the other hand, when the valve is 
sufficiently far to the left of its middle position, the steam will enter 
through the right-band passage o, and will exhaust through the left- 
hand passage Oi ; in the latter case the piston usually travels baci^- 
nards, that is from right to left, while in the former case it is moved 
by the steam from left to right ; the two passages o, and o, therefore, 
regularly exchange their functions as entrance and exhaust passages. 

The travel of the valve is under all circumstances so chosen that the 
inner cavity is always in communication with the exhaust passage Oo. 
This is effected by making the eccentricity small, or the width of 
the exhaust-passage o,, large. Supposing these proportions to be 
correctly chosen, no fmlher attention need be paid to this passage 
while investigating the distribution of steam in valve-gears, for the 
problem is then reduced to ascertaining how far the two steam-ports 
of 0, and o are open for the admission or discharge of steam when the 
piston stands in any position. 

But it may be shown that both of these port openings can be 
easily determined, when, for the given piston position, we know how 
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far the centre of the valve is from the centre of oscillation of the- 
valve, i. e. when we know the movement of tlie valve." 

The piston positions are determined by the distances of the piBton 
from the end of the stroke, that end of the stroke being chosen aa a 
point of reference from which the piston is receding at the instant. 
These distances we will call piston positions, and will distinguish 
between the piston positions for the forward and for the return 
stroke. The whole problem to be solved in connection with both 
simple and complex valve-gears, may be briefly stated to be : the 
a/nalytioal or graphical determinatimi of the relation between the piston 
position and the valve poaitioii (movement). 

But the whole problem may be divided into two parte, and the 
resulting method of treatment is the one which is exclusively 
followed in the present work. 

A certain position of the piston always corresponds to a perfectly 
determinate position of the crank. If the piston B is at the left 
end Bj of its stroke (Fig. 1, PI. I.), the cranlt-pin R will be at R„ 
i. e, at the first dead poitti, and if the piston has traversed the 
distance Bi B, the crank will have turned through the angle K, B ; 
consequently there is a definite relation between tlie piston position 
and the crank angle, and this relation can be determined inde- 
pendently of the arrangement of the valve-gear; its determination 
constitutes theirs/ portion of the problem. 

On the other hand, for the same crank angle the distance of the 
valve from its centre of oscillation will vary with the dimensions 
and arrangement of the ports of the valve-gear, there is, therefore, a 
definite relation between the valve position and the crank angle, 
and the establishing of this relation constitutes the second part of the 
problem. 

Expressed analytically, we can say that both the piston poäition 

• [In its most common neoeptatioD, trmel ia eynonjmouH with stroke, nud is Üietefüre 
not a BDitable word fot designating the variable dislanco of the centre of the vulie from its 
uont« of motion. In the present edition tiie term movement wiJl bo employed in place 
d! Irayel (nted in preceding edition) lo deaignata Hiie variable distance. Another term 
frequently occttrring in Talvo-gear discussions ia throw, by some writers it is treated as 
equivalent to atroke, by others to halt-atroke, or to the radial reach of a crank, eccentric 
ot OBm. We ahall use it in the lutter ecnäe. Throw is usufllly applied to roUitinK 
pieeea, while Irate/ is used in connection with sliding pieces, as pislonb or valves.— Eii.l 
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and the valve position can be represented as functions of the crank 
angle, and combining both equations and eliminating the craolc 
angle, we get the direct relation between the piaton and valve 
positions. 

Eelation between Piston Position and Ceank Angle. 

If the piaton B (Fig. 1, PI. I.) is at either end B^ or B^ of the 
stroke, the crank-pin will be at one of the dead points Ej or E^, and 
the croaahead will be at one of the ends Ai or A3 of ita stroke. If 
the crank has turned in the direction of the arrow through the 
angle Ki R, which we will henceforth designate by w, the piston 
will have traversed the distance Bj B, which distance we will desig- 
nate by s ; this same distance is also traversed by the crosshead A, 
and we may, therefore, in the following investigation, consider only 
the motion of the latter and may then easily determine the movement 
Ai A = s as follows. 

If we suppose the connecting-rod to occupy the position A E, 
and to be detached from the crank-pin E, and then turned about the 
fixed point A till the direction of the rod coincides with that of the 
stroke, then the end E, Fig. 1, will describe the arc E N, with the 




length L of the connecting-rod A E as a radius ; E represents the 
length E of the crank. 

We now see that the distance B, N represents the distance 8 
through which the piston has moved, and this distance is easily 
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represented by a formula. If we drop from the pin R the perpen- 
dicular R M on to the direction of tho stroke, and for the present 
designate the rise M N of the arc ß M by x, we have 

8 = E,N = 0E, -OM-MN, 
or, ^ 

« = E(l-coaa,)-a;. | 

This formula applies to the forward stroke of the piston, for the 

motion of the crank through the firä (upper) semicircle. 

On the other hand, for the return stroke of the piston, and for 
the motion of the crank through the second semicircle, we estimate 
the crank angle w from the second dead point Rj, and estimate the 
distance A^ A', through which the piston has moved, from tho end 
Aj of its stroke. If we again describe, with the connecting-rod 
A' R' = L, the arc R' N', and drop the perpendicular R' N' on to 
the direction of the stroke, we shall find for the distance throngh 
which the piston has moved on the return stroke 

« = Rj N' = E, - O M' -i- M' W, 
or, 

* = E(l-cosa,)+«, _ 

where a also represents tlie rise M N of the arc ^ 

If we unite these two formulas for s, we get the general equation 



= E(l - 



Ü)) + a 



(1) 



in which the upper sign refers to the forward stroke, and the lower 
sign to the return stroke of the piston. 

To determine the value x, describe with the connecting-rod as a 
radius a complete circle with A or A' as a centre, this circle will 
have a diameter 2 L, and the perpendicular R M = R M' = R sin q> 
will be the mean proportional between the segments x and 2 L — a: of 
the diameter ; we therefore have the equation 



I 



n (2 L - x) = E' . 



(2) 
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and from this we get 

m = h — V L^ — E' sin* ÜI, 

and then from equation (1) the distance of the piston from the end 
of the stroke, 



« = K{1 ~co8.o) + L± VL^-K'Bin'<.. (3) 

But this formula is not convenient for practical use, and we may 
therefore employ approximate formulas. The value of a is always 
very small in comparison with 2 L, and it may, therefore, be omitted 
in the parenthesis occurring in the left member of equation (2). We 
then have, with sufScient accuracy for all practical purposes. 



and substituting this in equation (1), we get this first approximate , 
formula for the distance of the piston from the end of the stroke. 



i(l-c 



")h 



2L 



These equations show the remarkable result, that the distance 
through which the piston has moved from the end of its stroke is 
different for the forward and return stroke, even when the angles 
through which the crank has passed from the dead points are equal, 
moreover the formulas show that this difference is greater the 
shorter the connecting-rod. 

When the, connecting-rod is comparatively short, this difference 
causes inequalities in the distribution of the steam by the valve- 
gears, which are never wholly removed in the ordinary arrange- 
ment of the gears ; there is only one way of reducing this difference 
to a practical minimum, and that is to make the connecting-rod of 
steam-engines as long as possible; we therefore rarely find tho 
ratio L : K less than 5. 

When the connecting-rod is sufficiently long, the value x in 
equation (1) may be n^lected, and we then get the second approzi- 



I 
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mate formula for the distance of the piston from the end of its 
stroke, namely, 

»=E{l-co8.,).* (5) 

When equation (5) is employed, It, M and Ra M', Fig. 1; represent 
the distances of the piston from the ends of the stroke when the crank 
angle is o>, and for equal crank angles these distances are equal on 
the forward and return stroke. These distances may be determined 
graphically for any position of the crank by dropping a perpendicular 
from the pin B on to the direction of the stroke ; the distance of the 
point M of the perpendicular from the ends of the diameter R, Rj 
gives approximately the distance of the piston from the end of the 
stroke at the instant in question. This method will be employed in 
what follows. If an exact determination of the piston positions is of 
importance to the designer, ho may easily obtain them, graphically 
or analytically, from what has been established above,t When this 
is done in connection with the following investigations, we can at 
once ascertain the hurtful influence on the distribution of the steam 
of too short a connecting-rod, and we can also see how a slight 
variation of the proportions of the valve-gear will remedy the defect. 
Moreover, it is worth noticing that the double sign occurring in 
equations (1), (3), and (4) disappears when the crank angle w is 
not estimated separately for each semicircle, but from the first dead 
point ß through the whole circle, and when the piston positions are 

• [Tho diffHrence between this approiimato formnla and the exaot one giien by 
eqnatioD (1) ia the qonntitf x, and iU maximum value = L — ij\f — K*. Oon- 
aeqo^tlj the maximum error made bj uamg equation (5) becomes, for 
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t fThe piaton positionB for variouB orank angles may also be found exaaiiy from the 
two tables givea od the following pages. To obtain the desired pieton positions it ia 
only nBceaaary to multiply the length of atroba by the tabnlat quantity corresponding 
to tbe cnmk angles assumed. — Ed.} 
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not estimated from the enda of the stroke, hd from the middle of 
the stroke ; if s, is the distance of the piston from the middle, i. e, 
s, = R — 8, we have for all crant angles 

«„ = E COB (u + «, 

in which equation we can euhstitute the exact valne for z given by 
equation (2) or its approximate value. Bnt it is not cuBtomary nor 
convenient to determine the piston positions in this manner, for, in 
dist-ussing the admission, expansion, and compression of the steam in 
the cylinder of the engine, it is the distance of the piston from the 
eod of the stroke that must be taken into account. 



Eelation between Valve Position and Crank Angle. 
Theory of Die Valve Motion. 

The determination of the relation between the valve movement, 
i.e. the distance of the valve from its middle position, and the 
crank angle, constitutes the principal problem in the theory of 
valve-gears ; before proceeding to establish the fundamental formula 
for the simple valve-gear, a few remarks are necessary. The engine 
arrangement shown in Fig. 1, PI. I-, is assumed as the basis of the 



If the axis C S of the valve-rod be prolonged, its direction will 
pass through the centre O of the shaft, and the straight line HOC 
becomes an important line of reference. In the first place, it gives 
the direction in which ihe end G of the eccentric-rod moves with a 
reciprocating motion, and this direction mud always pass through 
the centre of the shaft. We call this the valve direction ; in the 
arrangement shown in Fig. 1, PI. I., this direction coincides with 
that of the valve, and the valve-seat is parallel to it ; but this is 
by no means always the case, for the motion of the end C of the 
eccentric-rod F C is often transmitted to tlie end of the valve-rod by 
a one- or two-armed lever. In auch a case the end C swings in an 
are whose chard coincides with the line C. We will recur to the 
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last-mentioned case later, and will here assnnie that the motion ie 
transmitted directly to the valve, as shown in the fignre ; the case of 
indirect tranamiesion can then be easily reduced to that of direct 
transmission. 

Let Z, Fig. 2, be the direction of the axis of the cylinder, and 
O C the valve direction ; let a he the auf;le which these two direc- 
tions make with each other ; let R be the crank, D = r the 
eccentricity, and D C = ? the length of the eccentric-rod ; let B 




represent the centre of the valve, and C B = ii be the length of the 
valve-rod measured to the centre of the valve. Now, if we suppose 
the pin R to be brought on to the dead point, i. e. the crank R 
tamed back through the angle w till the piston stands at the end of 
its stroke, then the eccentricity O D will move to O D«, and in this 
position will make with a perpendicular OY to the valve direction 
an angle Y Do = S, which plays an important part in the theory 
of valve motions ; this angle is called the an§le of advance. In this 
connection it is well to note that the angle B is entirely independent 
of the direction of the axis Z of the cylinder relatively to the valve 
diredion C, and that the latter angle a is only brought in when it 
is a question of determining the position of the eccentricity relatively 
to the crank, i. e. when the angle Ri Do = R D ia to be deter- 
mined ; in the present case it is evident from the figure that this 
angle amounts to (90" -|- 8 — a) ; but in accordance with the above 
definition of the angle of advance, the angle ROD and the 
angle a do not enter into the investigation of the valve motion, 
nor into that of the distribution of steam resulting from this 
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motion." Now, in order to eatabliah the fundamental equation, wo 
will assume that the crank has moved from the dead point through 
the angle to, and con9ef|uently that eccentricity has moved from 
Do to D, and that tlie centre of the valve is at B ; the distance 
B of the latter from the centre of the shaft may then be deter- 
mined as follows : — 

If we drop the perpendicular D E on to the valve direction, and 
draw D F parallel to E, we have from Fig. 2, 



or 


0B = 

0B = 

radical 


OE- 
rsin 
.anal 


-EC+CB= 


DF+V 


BC' 


-0F^4 


This 


(«> + S) + Vi" 
be written 


-r^co8'( 


'> + S) + h. 











^I'-r'c 



''(<-+S)=;^l- locos' (.. + 8, 



and the radical in the right member may be expanded according to 
the binomial theorem, and only the first two terms of the series seed 
be retained, because the length I of the eccentric-rod is always very 
great relatively to the eccentricity r. We therefore have 



Vp' 



,'(a, + 5)-;(l-^C08'(« + ä)), 



and substituting this approximate value in the above equation for 
O B we get, with sufficient accuracy for all cases, 



But by the nature of the arrangement, the centre B of the slide- 
Talve must move symmetrically backwards and forwards on either 



■ [Aooording to Rankine, angle of advance = phase of oocentric — phaao of ctant 

— 90°. WlieD crank is at its fitst dead point, Ihe anguJai: advance = phase of eooentrio 

— 90°, which agrees with, the definition given above. The phase or nngle of the oranfe 
is eatiiDated from its first dead point and the pba«e of the eccentric arm from its first 
dead point ; amiftUy these two referonco lines (the " dead points " of crank and occentrio 
arm) coincide, but cases occur in which thej do not coincide, as in Fig, 2, where the 
direction of the valve-stroke is iooUned to aiia of cylinder. — En.] 
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side of a axed point X in such a manner that the centre of the slide- 
valre, at the instants when the crank is passing the points m and 
180^ — 01, is at equal distances, but on opposite aides of the point X, 
Many designers adjuat the slide-valve by bringing the crank alter- 
nately on its dead points, that is by taking to = and m = 180°, and 
then marking the two corresponding positions Bj and Eg of the centre 
of the slide-valve and fixing the centre X of the distance B^ B3 ; this 
centre S is the one from which the movement of the valve will be 
estimated, and must fall exactly in the middle of the exhaust-port. 
This method of proceeding is, as we shall show presently, also theo- 
retically the most correct one, and we shall apply it in order to 
calculate the position of X or the distance OX. If in the last 
formula for obtaining O B, we for once make m = 0, we get 



OB 



-l, + l - 



I 



whilst if we make w = 180°, we get 



The mean of these two values gives the distance of the centre of 
motion" X from the centre of the axle, 



OX = l + l,- 



(6) 



Ent the whole object of an investigation of the motion of the 
slide-valve is to enable us to fix the distance of the slide-valve centre B 
from the centre of motion X, corresponding to any angular movement 
a of the aefe, or as we may say, to fix the Tiuyoement of the valve for 
any crank angle m. 

' [The centra of motion X should not be nnderetood &a centre of strofce of the Talvo, 
for this TeferencB point X is at the diatance — ^ — from the oentie of stroke. When 
tha length of the eocenttio-rod is infinite (tbo case nsuallj asannied in the fommlHs) the 
two centres ooinoide. — Ed] 
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According to Fig. 2, the movement of the valve is B X = B — 
OX; calling this | and using for OB and OX the above given 
values, we get, after a few reductions, 

r* 

(P) g = r sin (<ü + a) + 2"^ [oos^ 8 - cos« (« + 8)]. 

A transformation* of the quantities between the brackets gives 

r* 

f = r sin (<ü + a) + ^ sin (2 d -I- w) sin 0), 

^ ft 

or, by expanding the first term, 

(P) J = r sin 8 cos m + r cos 8 sin <i> + — sin (2 8 + <«>) sin w. 

If we make 

r sin 8 = A (7) 

r cos 8 = B, (8) 

A and B being constant quantities for any particular slide-valve 
gear, and 

^ sin (2 8 + w) sin w = F, 

we get 

(P) f = A cos <i> -I- B sin <ü -(- F. 

The last quantity F is always very small, because I is always very 
great in proportion to r ; we will call this quantity, which may be 
neglected in almost all cases, the '* missing quantity, ^^ and will 
give it special consideration in another chapter. Neglecting this 
quantity, the formula becomes 

(I) i - f sin 8 cos w -(- r cos 8 sin w. 

Now we may state here, that it is a peculiarity of all slide-valve 
motions, the link motion as well as the simple motion, that the for- 
mula for the movement | of the valve (measured either to the right 

♦ [Since cos* ß — cob* a = sin (a + ß) sin (a — ß\ we get by substituting 8 for ß and 
« + 8 for a : cos' 8 — cos' (« + 8) = sin (2 8 + ») sin «.—Ed.] 
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or to the left of the centre of the movement) can be always reduced 
to the general form of f = A cos m ± E sin m + F, in which A and 
B represent values which depend upon several dimensions of the 
gear, but are iodependent of the angle &i through which the axle is 
torned, and which are therefore constant quantities which may be 
calculated easily for the simple valve motion, according to equations 
(7) and (8). The missing quantity F depends upon the amount of 
angular movement ; but the numerical value of it is, in correct and 
well -constructed valve-gears, so very small, that it may be almost 
always neglected. The movement of the valve is then, in general, 



(T^) 



i = 



« ± B sin 



In investigating the formula (!'') more minutely, we shall at first 
take no notice of the special values of A and B, aiid only use farther 
on the values A = r sin 6, B = r cos 5, which we have already found 
for the simple valve-gear. Aa we shall at a future time meet with 
valve motions in which B J3 negative, we shall examine — as already 
indicated by the manner of writing equation (P) — in the following 
discussion, the meaning of both signs. 

The equation (P) above given is the polar equation of two circles of 
equal diameter whieh toiuui each other, it being supposed that tlie pole 
lies at the point of contact. 

In order to prove this, let be the touching point of two circles, 
Fig. 3, both described with the radius OC = p, and let X he any 
straight line passing through the point of contact ; further, let 
B = a and C B = 6 be the co-ordinates of the centre of one circle ; 
then, if we express the radius vector P of any point P of the 
circle by ^, and the angle formed by this line P with the original 
position X by w, we have 



O'H 



., and M P = g 



K we now draw the line C N parallel to X, 



(OM-OBf -)-(MP-MN)' = C 
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(i coa <ü - a)* + (£ ein B - &)■ = p» ; 
whence it follows that as a" + t* =p\ 

i= 2aooBiii + 26sin<u. 
Fis. 8. Fio. 4. 
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If the ordinate B G = & of the centre of the circle extends from 
B downwards, then, the centre G being below X (Pig, 4), fc becomes 
negative, and 



Both equations a 
whence follows 



{ = 2 a 006 u> — 2 6 sin (1). 

ä identical with equation (P), if 
2a = A and 26 = B; 



(9) 



* The eqnfttion (I') is, mftthemaüoallj, the polar equation of ft äagle cirole, described 
In Figs. 3 ftnd 4 &om 0. This will be easy to proTe, if the eqnfition of the cuire 
referred to reottm^lu co-ordinatei is taken instead of tbe polar eqoaüon. If we put, 
InFig. 3,OM = x = {oo8DiandMP = !f = { ein ■, it foliowB from eqnatioi] (I'): 
i» + j/' = As + Bji, 

and this equation gives for each value of x only two valnea of y. This also ooDflimg the 
pdai equation (I') itself; for by BubBtitnting in the equation 
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If, therefore, the values of A and B are known for a certain case, 

the centre C of the circle may be at once determined, and this 

serves to determine the movement of the valve, if the distance O B 

A 
upon O X measured from O is made = a = — and the perpendi- 

cular at B, or B C = i = — . The radius of the circle is found 

2 

without any further difficulty : 

p = V^+T^ = \ Va«+B*. (10) 

It will be seen from the above, with what facility th^ valve move- 
ment f may be obtained for any angle X O P = 6) of the crank : (hu 
valve movement is simply the radius vector P correspondinff to that 
angle. If, therefore, the centre of the corresponding circle passing 
through O can be fixed, which is always very easy, as will be seen 
from the following, the movement of the valve, or the distance 
between the valve centre and the centre of movement for each 
position of the crank can be measured directly from the figure. 

After the above statement, we may examine immediately a few 
general relations between the movement ^ of the valve and the an- 
gular movement eo, considering that the values of A and B are still 
certain constant ones, which depend upon the kind of valve-gear. 

If the crank is at the dead point © = 0, it follows from the 

equation 

^ = A cos <i> + B sin <ü, 

that 

^ = A; 

or as, according to the above, B = a = -^ (Fig. 3), 

f = 0P,. 



n + 180° for w, it follows 

I = — ( A cos « + B sin w) ; 

the radins vector O Pq, in Fig. 3, must therefore not be drawn from O in the .direction 
O Po, bat in the negative direction, i. e. again towards P, and therefore* leading again to 
the circle described &om the point 0. The admission, however, that we have to deal 
with two circles touching Qach other, facilitates greatly the study of the laws according 
to which the movement of the slide-valve takes place in the different valve-gears. 
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TÄc line O Pi therefore gives at once the movement of the valve at 
the "beginning of the stroke of the piston. If © = 180°, i. e. if the crank 
is at the other dead point, then 

f = -A, 

or, according to the figure, f = P2, where P2 signifies the point at 
which the second circle cuts the line X. The movement of the 
valve is = m7, or the valve is in its central position if 

= A cos <ü ± B sin w, 

or if _ A _ a 

tan<i) = 4.g = +-. 

The upper sign is taken if the centre of the circle lies above 
OX (Fig. 3). 

But from the condition 

tan <ü = — - J 


it appears that the corresponding angle may be very easily found if 
a line O S is drawn through O and at right angles to C ; the angle 
SOX shows therefore the angle at which the crank stands hefore the 
dead point, when the slide-valve is in the central position. If the 
centre lies below X, as really happens in some valve-motions, 
which will be examined later, it is 

tan 0) = + r- 5 


in this case also the required angle S X is found by dropping the 
perpendicular S from O upon C (Fig. 4). The maximum move- 
ment of the valve f is found from the equation : 

f = A cos 0) ± B sin oi ; 
by dififerentiation 

j^ = — A sin <ü ± B cos cu = 0, 
a<i> 

tan<i> = X T = i -» 
A a 

i. e. the corresponding angle 6) is that which the line O (Figs. 3 

and 4) forms with OX, or X ; the valve movement itself is in 

this case . 

OR = 2p = Va« + B^ 
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If finally the crank is at right angles to tlie line of motion of the 
piston, i e. if it has moved 90" from the dead pointj 
i = A COB 90° ± B ain 00° = ± B. 

If therefore, in Fig. 3 or 4, P^ is perpendicular to X, P3 = B 
indicates the position of the valve when the erank is at right angles 
to the direction of the motion of the piston. 

By all this it appears that it is only necessary, in order to ascertain 
the distance of the valve from the centre of its stroke for different 
positions of the crank, to describe one circle from the point C ; if P 
is produced above as far as Po, then Pa = P ; as now Po 
expresses the distance of the valve from the centre of its stroke for 
(180'' + öl), it is only necessary on account of the equality of P and 
O Pfl to fix P, or to describe one circle. In the same manner the 
case represented in Fig. 4, which occurs under the supposition that 
the second quantity in the equation, 

i = A cos ID + B sin <a, 

18 taken as negative, may he easily referred to the case shown in 
Fig. 3, the two cases differing only in that the angular movement 
of the crank tabes place in opposite directions. The angles os 
are in Fig. 3 to be laid off from X upwards, and in Fig. 4 from 
O X downwards. If A and B are iu both instances equal, the same 
will be the case with O P for equal angles w. It is therefore 
not necessary for us to take any further notice of the sign of the 
second quantity of the above equation in the following general 
investigation. 

We shall now apply the results above obtained to the simple valve- 
motion, in which, according to equations (7) and (8), 
A = r sin S, 
B = r cos 3. 

The co-ordinates of the centre of that circle whose chords give 
directly the movement of the valve (Fig. 3, p, 16) are, according to 
equation (9), 



BO = S = ,-, 
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therefore the radius of this circle, which we will now call the ** valve 
drcUy' is 

CO=p = ^VÄqrB* = ir, 



and its diameter 



OE = 2p = r; 



i. e. in the simple valve-motion the diameter of the valve circle is equal 
to theeccentricity r. 

The angle COY, formed by the diameter of the valve circle with 
the vertical Y, is next found (Fig. 3) : 



■ ^^^ OB a A 
.tanOOY = g^ = ^ = g=tan8. 



whence 



ZC0Y = 8, 



or in words : the required angle is equal to the angle of advance. 

From what has been already stated, it will be seen with what 
facility the law of the slide-valve motion, if the valve is driven by an 
eccentric, may be laid down graphically. Had the problem only been 
to find the law of the movements of the simple slide-valve gear with 
one eccentric, the results of the calculation last given might have 
been obtained in a much shorter way, as follows : — 

Let Y in Fig. 5 be a perpendicular let fall from the point O 
upon O X, the direction of the valve-face ; then draw from O a line 

D = r = the eccentricity, this form- 
ing with the perpendicular OY the 
angle Y D = S the angle of ad- 
vance ; and next describe, with O D 
= r as diameter, a circle, which will 
be the valve circle. Let the crank be 
in the position OX, or on its dead 
point, and from there let it be turned 
through the angle X E = ©, then 
the length P gives at once the distance of the valve from its central 
position when the crank angle = ay. 



Fig. 5. 
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Neglecting the " missing quantity," equation (I*) gives tlie valve 



Drawing in Fig. 5 the line D P, the aE 
while the angle D P in triangle D P i 
and since O D = r, we at once aee that 



jle D P is a right angle, 
found to be 90°- (w + S), 



8 [90° ■ 



0P= r 



which was to be proved. 

If the equation for the movement of the valve is given in the form 
£ = AooSü^ + BBino,, 
as we above supposed, and as is the case in a number of valve-motions 
which we shall examine later on, and in which the constant values of 
A and B are not only dependent upon r and S hut also upon the 
dimensions of other parts of the valve-gear, then make in Fig, 5, A 
=: A and B = B, and draw a circle through the points 0, A, and 
B ; such a valve-motion, whatever the nature of its mechanism, then 
works exactly like a simple motion, in which the eccentricity of the 
eccentric D = »■ and the angle of advance T D = S. If the 
movement of the valve is represented by the last-given equation, then 
the valve-motion may always be reduced in the manner indicated to 
a simple valve-motion ; a fact of which we shall make use hereafter. 

Besides this, the simple diagram also gives the means of repre- 
senting the velocity of the slide-valve. The velocity of the ahde- 
vbIto varies, and the manner in which this variation takes place 
may be seen from diagram Fig. 5, by noticing how the radius 
vector P alters with the angle X K = w. It is evident that the 
valve moves very slowly, in fact almost stands still, when it is near 
the end of its stroke, i. e. when the crank stands near the direction 
O D ; but on the other hand, when the crank is in the position E 
(perpendicular to U), the valve has its greatest velocity, and this 
occurs when it is near the middle of its travel or stroke. 

The law which governs the variations of velocity, is also very 
easily demonstrated in a graphical and analytical manner. Let the 
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crank torn with the constant velocity € ; then if, at the moment in 
which the crank passes through the dead point, we begin to count the 
time t, we have 

whence follows by substitution in the general formula for the travel 
of the valve 

and from this the velocity v of the valve at the time <, 



« = j- = — A€sin€<+B€ cos c <, 



or 



I? = — A € sin ct) + B € cos 



Ct), 



from which the velocity of the valve may be calculated for any 
angular position of the crank. If the valve-motion is considered to 
be reduced to a simple one, then put A = r sin 8 and B = r cos 8, 
and the velocity of the valve becomes 

= — r € sin $ sin <a + re cos 8 cos a», 

and this is the polar equation of two circles O E and O Ej (Fig. 6), 
whose diameter r e is perpendicular to the centre line of the eccentric 

Pio 6 D = r. At the position 

E of the crank, i.e. when 
the angular motion = co, the 
movement of the valve from 
its central position is OP, 
while the radius vector O Q 
represents the velocity v of 
the valve at that moment. 
The law for the variations 
of velocities can now be seen 
clearly ; at the positions of 
the crank O D and Di the 
velocity is niZ, Le. the valve 
stands still momentarily (at 
the greatest distance from 
its central position), and at the positions E and O Ei of the crank 
(at half-stroke) the valve has its greatest velocity r e. 
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Peactical Application of the Diageam. 

We ehall at first take an existing simple valve- motion, and show 
the manner in which the distribution of steam is to be ascertained 
from the dimensions of the parts of the valve-gear. 

The amount of eccentricity D (Fig. 2) = r, as well as the angle 
D Y = S, may be taken as given. With these values as a base, we 
shall first describe the movement of the valve and show bow far it is 
from its central position for any given angular movement eo of the 
crank from its dead point. This distance or movement of the valve 
is designated by |. 

Draw the system of axes O X and T (Fig. 2, PI. I.), X being 
supposed to coincide with the direction of the valve-rod or of the 
valve-face. Draw from O a line Z, so that Y Z = S = angle of 
advance, and make part P,, of Z, aa well as part Q^ of the pro- 
longation of Z, equal to the given eccentricity r ; on these parts as 
diameters describe circles ; these are the so-called valve circles which 
explain the movement of the valve in the following manner :- — 

If we suppose a crank to occupy the position OX or K, when 
the actual crank just passes through the first of its dead points, then 
if both cranks are turned through the angle w, so that the imaginary 
crank comes into the position O R„ that part P of the line R, 
which lies inside the valve circle, at once represents the movement 
of the valve = f ; i.e. the distance through which the valve has 
moved from its central position while the actual crank has travelled 
through the angle to from its dead point. The figure gives for the 
angular movement X Q = 180° -f- w the same value for ^, but the 
value is in this case negative ; for the centre line of the crank here 
cuts the second circle described from C in such a manner that Q = 
OP. The Mpper circle represents therefore the movement of the 
valve to the ri(;hf of its central position (see Fig. 1, PI. I.), the lower 
circle that to the lefi* The results for both directions are the same, 

• [To rietenoItiB whether the vhIve Is to the njAi or U/i of its central posilioo whilo 
(be imagioaij crank is iDtersecticg a partioulac valve circle, we la; off the eocentricity 
in adranoi! af tbe imaginarj cnmli und notice whtther the eccentricity is respectively to 
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and we bave therefore only to examine the tipper circle. Before 
proceeding any further with oar inyeBtigationB, we may 6tate that 
the figures shows everytbiog full size, and that the eccentricity is 
supposed to be taken as Po = r = 0'060" (almost exactly 2^"), 
and the angle of advance T P = S = 33°. In order to ascertain, 
therefore, how far the valve has moved to the right of its central 
position at the corresponding position of the crank, it is only neces- 
sary to measure the distance P. If the crank stands at the dead 
point, it occupies the position K, and then the distance of the valve 
from its central position is equal to Pi ; in the present case this 
distance Pi = 0-030" (almost 1//). 

If the crank bas turned so far that the chord P becomes eqnal 
to the diameter, then the valve is farthest from the centre of its 
stroke ; it will be seen from the figure that such is the case when 
I he crank is in the position P,,, or as moved from the dead point 
throngh the angle Po X = 90° — 5. A perpendicular R,, dropped 
upon the line Po Qo at the point does not cut the circle, and the 
chord P becomes therefore = nil, the valve being just in the 
CI ntre of its stroke when the crank occupies the position O Koi 
i. e. when it stands as much as the angle ß Bo = 5 before the dead 
point. Suppose the crank is turned from K in the direction of the 
arrow, it will easily be seen by the figure that the chords which 
represent the movements of the valve increase quickly from O, while 
they vary but little when the crank is near the position P«. The 
slide-valve travels therefore very quickly towards the middle of its 



tbe left or Tight of the vertical O Y. However, when the diagram has once been drawn 
for B particular case, there will he leas liability to coufusion and error if we dispense 
witli the imagicarj crank by supposing the engine vioned from the side which shows 
the actual crank rotating in the same direction as tbe radius vector (see Figs. S 
and 4) ; for eiample, when the engine shown in Pig. 1, PL I. is viewed &oni the side 
opposite to that given in the figure, tlie actual crank and pieton directiona will be exactly 
like those indicated b; the arrows in tbe diagrams of Fig. 2, Fl. I. ; when the engins 
is thos viewed the vpper valve circle represents the movement of the valve to the left of 
its central position. 

SotDU writers have the actual crank directions intersect the valve circle by drewing 
the latter on that side of the vertical O Y which is opposite ta that given by Prof. 
Zeuner: this, however, requires that the polar co-ordinateg bo eatimated differently 
from what is custooiary, and ia Ihertfore liable to lead to confuaion in the analytical 
invt'stigutions comieclcil with valve-geaCE. — Ed.] 
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stroke ; but its movement takes place very slowly near the ends of 
the latter. This fact, known long ago, is of great importance, and it 
exercises great inÖnence on the whole distribution of the steam. 
The figure plainly shows also the influence of the angle of advance, 
and of the amount of the eccentricity upon the movements of the 
valve corresponding to certain positions of the crank. If, for ex- 
ample, the eccentric were fixed without any angular advance, S would 
= 0, and the diameter Po would fall upon the vertical line Y. 
If therefore the crank were on its dead points, the slide-valve would 
be just in its central position, and it would be most remote from 
the latter when the crank had turned through the angle 90° and 
270°. The following will show that the distribution of steam thus 
effected would be unsuitable, and therefore such a case seldom occurs. 

If we take S = 90", P« will faU on the liue X ; i. e. the valve 
will be farthest from its central position when the crank stands at its 
dead points, and the valve will occupy its central position when the 
crank has moved through 90° and 270°. Observations respecting the 
alterations in the movement of the valve may be made with equal 
facility, if the eccentricity r alone, or r and S simultaneously, be 
altered. 

Now in practical investigations the main problem is not to 
ascertain the valve movement for different crank angles, but to 
ascertain the distribution of the steam when certain dimensions of the 
valve-gear are given, or, vice versa, 
to determine the valve-gear dimen- Fw- ^■ 

sions when the distribution of the 
steam is assumed. The dimensions 
referred to include not only the 
eccentricity r and angle of advance i 
S, but also dimensions of the valve 
itself; these we will now examine. 

In Fig. 7 the valve is shown in 
its middle position, i.e. when the valve 
centre is just passing the centre of 

motion X. The two admission-ports o and o, arg separated from 
the exhaust-port o« by the fixed bars or bridges A A. 
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It will bo seen that the face of the slide-valve not only com- 
pletely ehuts the two steara-ports, but that it extenda at each end for 
a certain amount beyond the openings. This amount e is called 
outside lap, or more frequently simply lap. On the other hand, the 
face extends also partly over the bridges A for a distance i; this 
amount is called the inside lap. The outside and inside laps, and 
the width a of the steam passages o and o,, are the additional (valve) 
dimensions which we must introduce into the following investigations. 

If the valve has moved as much as f (Fig- 8), and if we have 
thereby obtained the opening of the pott for the admission = a,, we 
r g at once get, as will be seen 

from the fleure, the equation 

V\'\ „J-n. =t 

^^ ._„._.. _ 

^X"^-- i '"""Tvi or the opening of the port ii 




if the outside lap e is known. 

But the valve has at the same 
time opened the other port as 
much as a^ for the discharge 

of the steam, and we get in this case, as is also shown by the figure, 

the relation 



These two equations for a, and a, at once give the size of the 
openings for the admission aud for tbe release, as soon as there is 
fixed, according to the method above explained, the movement of the 
valve for any angular movement w of the crank. It is only necessary 
to subtract in tbe one case the outside lap e, and iu the other case 
the inside lap i, from the movement of tbe valve to get the required 
opening. If it is desired to find these openings by construction, then 
they may be obtained in a simple manner, as follows : — 

We have found that for any angular movement X P = w 
(Fig. 2, PI. I.), the movement of the valve ia equal to tbe radius 
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yector O P. Now the aize of tLe openinjT for the admiasion of the 
Bteam for this position is obtained by Bubtracting the outside lap e 
from f; and therefore by describing from the point a circle 
Vi V Vj with the radius V = e, the distance P V gives ai once the 
o'pening of the steam-port corresponding to the angular movement 
P X = w. 

Describing in the same manner from Oj with the radius W = i, 
the circle Wi W Wa , it follows that the part P W of the radius vector, 
or P - O W = f — » ; in other words, it is equal to the width of 
the opening of the other port for the exhaust. 

As the figure is drawn full-aize, and aa the eccentricity r is sup- 
posed to be = 0-060" (OPo), almost 2i|i", the out3idelapOV = e = 
■ 024" ( ■ 94"), the inside lap W = i = ■ 007" ( ■ 27"), and the 
angle of advance Y Po = 8 = 30°, the dimensions P, P V, P W, 
may be taken directly from the figure. 

If the crank stands at a dead point, for instance at R, so that 
the piston is at the beginning of its stroke, the travel of the valve = 
Pi, the opening for the exhaust is Pj Wj, and the opening for the 
admission of the steam is PiVi. As is known, the opening of the port 
for the admission of the steam at the beginning of the stroke of the 
piston, or Vi Pi is called the outside lead, or the lead on the steam 
side ; but the opening of the other port for the exhaust at the begin- 
ning of the stroke of the piston, or Wi Pi, is called the inside lead, or 
the lead on the exhaust side. 

For our special case, as may be immediately ascertained by 
measurement, the outdde lead V, Pi = ■ OOfi" (-236"), the inside 
lead WiP, = 0-023°' ("905"). The largest opening of the steam- 
ports occurs when tlie valve has travelled the greatest distance from 
its central position, i. e. when the crank stands in the position Po ; 
therefore the largest opening of the port for the admission of the 
steam is PoVs (O-Sö" = 1-417"), and the largest opening for the 
exhaust is PgWs (0-053" = 2-08"), supposing the ports (or passages) 
themselves to have so great a width. 

Bot Fig. 2, PI. I,, also answers all other questions. The ques- 
tion as to the positions of the crank when the admission of the 
steam begins and ends, can be answered in the following c 
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At these moments the vaJve occupiea the position shown in Fig. 9, 
where the valve has moved from its central position for a distance 
jnst equal to the outside lap e, i. e. f = e. If we now return to Fifj. 2, 
PL I-, we find that the principal circle round C cuts the circle 
described with the outside lap as a radius, in V3 and V,; and 
connecting both points with and producing the connecting lines 
Pjo 9^ backwards to the circle which is 

described by the crank-pin, these 
lines will give the position of the 
crank at the two moments at which 
one outer edge of the valve is just 
at the outside of the port, or, in 
other words, at which the admission 
commences and terminates. 

Thus R3 is the position of 
the crank at the beginning of the 
admission of the steam; and it has therefore to pass through the 
angle E3 ß before reaching the dead point 

Moreover, O E4 is the position of the crank at the end of the 
admission of the steam, and the angle K3 R, shows at the same 
time the arc through which the crank passes during the admission. 

It is more convenient to know the positions of the piston corre- 
sponding to these positions of the crank. To ascertain this, drop 
from Ea and R, perpendiculars upon X. In order to avoid covering 
the figure with too many lines, a line H K has been drawn parallel to 
X, its length being made equal to the diameter of the crank-pin 
circle, and consequently to the stroke of the piston. Letting fall now 
from B3 and Ej the perpendicolars Rj H3 and Kj H4 upon II K, H3 gives 
ns the position of the piston at the beginning of the admission of 
the steam, and H3 K the distance of the piston at that moment from 
the end of its stroke ; Hj also gives the position of the piston at the 
end of the admission of the steam ; the ratio between the distances 
K 'H^ and K H represents therefore the degree of expansion or cut off. 

The questions with regard to the exhaust can be answered in an 
equally ready manner. Fig, 10 represents the valve in the position 
which it occupies when the eshaust is either just beginning or just 
ending, the valve having in this case travelled the distance f 
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from its central position. From Fig. 2, PI. I., it may be seen tliat 

this equality of ^ and t takes place in the position corresponding to 

the two intersections Wg and W, of the circles Pi P P, and W, W W,. 

Connecting therefore W3 and Wi with 0, and producing this line 

backwards until it meets the circle described by the crank-pin, we get 

at ORb the position of the crank, ^^ ^^ 

and at Hj the position of the piston 

at the beginning of the exhaust. 

The exhaust therefore begins when 

the crank stands at the angle H B^ 

before the dead point, or when the 

piston has still the distance Hg K 

to travel before reaching the end 

of its stroke. 

ßfl gives the position of the 
crank at the end of the exhaust and Hg the position of the piston 
at that moment. The ratio of K H^ to K H represents the per- 
centage of the stroke occupied by the exhaust. 

It is readily seen that while the crank passes through the angle 
El Eg, or while the piston travels the distance H, Hj, the steam 
expands in the cylinder end nearest the shaft and exhausts from the 
cylinder end which is farthest from shaft. When the crank has 
reached the position Kb, the coraprefflion of steam will commence 
in the cylinder end farthest from shaft. 

While the crank-pin is moving along the arc Eg E,, expansion 
takes place in the cylinder end neatest the shaft, and compression 
in the end farthest from shaft. 

If E3 is produced as far as Eg, Kg will represent the position 
occupied by the crank when the admission of steam begins at the 
cylinder end farthest from shaft; therefore, while the crank-pin 
passes through the arc Ka Ej, compression of the steam takes place 
in the cylinder end farthest from shaft. 

All that has been said applies to the stroke of the piston atoay 
from the crank-shaft, and for the investigation of the opposite stroke * 
• [As the cshanet from one end of the cylimler begins shortly before the comraeücemcnt 
of s naif stroke and ends after this stroke ie well advanoed, «e refet thie exhaust to the 
strobe during which it msinl j takes place. This is also true of the Hdmission. Bearing 
this in mind, the aboTe paragraph will be found to contain do contradictions. — Ed.] 
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it is only neeessary to prodaoe the chief centre lines of the crank 
0Bs,0B3,0B4,0Bc past O until they again meet the crank-pin 
circle. Thns B7 lies on the prolongation of B^, and B^ represents 
the position of the crank at the b^inning of the exhanst from the 
cylinder end neared the erankshaß when the piston is moving aany 
from this shaft 

In order that the figare may be understood more readily, all the 
different occurrences are inscribed on it; the explanations outside, 
around the crank-pin drcle, relate to the distribution of steam in the 
cylinder end neareA the crank-shaft, whilst the explanations written 
inside the circle relate to the distribution in the cylind^ eDAfarOked 
from crank-shaft. 

In the manner already stated, L e. by dropping from the 
different positions of the crank-pin perpendiculars upon the lines 
H K and H« K«, the positions of the piston shown upon the 
first of these lines are those corresponding to the motion of the 
piston away from the crank-shaft, whilst upon the latter line are 
marked the positions corresponding to the motion towards the crank- 
shaft 

In fixing the positions of the piston in the abore manner, no 
notice has been taken of the influence of the length of the ocm- 
necting-rod; ü^ howcTej*, it is desired to allow for this influence, it is 
<Hdy necessary to consider that B^ B B4 is the crank-pin circle, and 
O Xi the direction of the piston-rod. In proceeding therefore in an 
exact manner, we have to take the length of the connecting-rod as a 
radius, and with the different points B, Bi, B4, B« .... as centres, 
describe arcs cutting the line O Xi produced. The points of inter- 
secticm then giro the positions of the piston exactly iot the chief 
positions <rf the crank. For want of space, we haye chosen on the 
Plate the more simple but less exact method of fixing the positions 
<rf the jNstcm.* 

It is scarcely necessary to point out how easily the influence of 

* [Witboul taking up woj moie q»ee, we can, bj mnltiplyiiig tiie tdbolmr quanfitiet 
giTen OD pp. S and 9 by the diaiiieter of the crank-pin dicle aaenDmied in the djagram, 
0et ezaeÜj the piston powtinmi ooneqKmding to the principal crank pnaJtioM and to 
the gifeo ratio of eonnecting-iod to cranks — ^Ed.] 
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the inside and outside lap, of the angle of advance, &c., &c,, may be 
perceived from Fig. 2, PI. I, For example, make the onteide lap 
sraaller than V, then the circle, described with a radius equal to 
the new amount of outside lap (not shown in the figure), will cut the 
circle described from the centre C in points of the circumference 
of the latter which are nearer to O than Vg and V*. Again con- 
necting both points of intersection with 0, the two connecting lines 
will form a larger angle than V3 and V4, i. e. admission of 
steam will take place during a longer time and the expansion will 
be less. 

Let it be supposed, as another example, that there is no inside 
lap at all, the circle W W^ W« will then disappear altogether, and a 
continual exhaust take place. 

In order that, at the beginning of the stroke of the piston, steam 
may already be on the driving side of the latter, the port for the 
admission of the steam must at that moment he open, and we have 
seen that Vi Pi at once gives the size of this opening. It will be 
seen from the figure that in order that this condition may be fulfilled , 
O Vi must be less than Pu i. e. the outside lap must be smaller 
than Pi. 

If no outside lap were given, a continual admission of steam would 
take place, and the admission would always change at the moment 
when the valve passed the middle of its stroke, or when the crank 
was in the position Bo- 

The alterations which occur in the distribution of the steam, if 
some of the dimensions r, S, e or i are altered separately or together, 
will be so easily seen from the simple diagram, that it is unnecessary 
that we should refer to it further here. We may, however, make one 
remark as regards the width of the steam-porta ; viz. that it is very easy 
to fix, by means of the diagram, the moments at which the ports are 
folly open for the admission or for the exhaust of the steam, or at 
which the ports just begin to close. Fig. 11 shows half-size tlie 
principal parts of the diagram Fig. 2, PI. I. Lay out from V on 
O Pb the distance V M = a = the width of a steam-port (which is in 
this case a = • 030", or 1 ■ 18"), and also from W the same distance 
"W N, BO that W N ia also = a. Next describe from circles with 
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O M and N as radii 



e following 




e easy to understand the corre 

lints where these circles cut t 

valve circle, and then Mi will be the position of the crank when 

the port for the admission of steam is just fully open, and O Mj the 

orank position when the port just begins to close. While the crank 

passes through the arcs Mi O 5Ij, 

the admission port is wide open. ' 

MPo shows, half-size in Fig. 11 

and full-size in Fig. 2, PI. I., 

how far the outer edge of the valve 

has gone beyond the inner edge 

of the port at the time of largest 

opening. 

The same process ia applicable 
to the exhaust. When the crank 
ia in the position Ni the port is 
fully opened for the exhaust, and 
it remains so untü the crank 
arrives at the position Nj. 
It has been objected to the diagram that, for the positions in 
which the valve is near the middle of its stroke, the crank direc- 
tions iuteraect the valve circle at very small angles, and therefore 
do not determine the points of intersection with sufficient exactness. 
The objection is unfounded. For example, if the crank positions 
E, and O Kg (Fig. 2, PL I.) for the beginning of expansion and 
compression were given, and if the intersections V4 and W4 were to 
be found for the purpose of determining the outside lap Vj sad 
inside lap W4, then the figure shows that the intersections do take 
place at very small angles ; but in such a case it is only necessary 
to let fall, from the extremity Pj of the valve-circle diameter P,,, 
the perpendiculars Pa V, and Po W* on the directions B4 and 
Rg, and then the resulting intersections V4 and W4 wül be deter- 
mined with sufficient exactness. 

The preceding investigation shows how all the details in the 
distribution of the steam, effected by a simple valve-motion, may 
be quickly and correctly ascertained by the diagram ; and it only 
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remains for us to ahow how to determine the diraensioriB for a yalve- 
gear so as to satisfy certain conditiong with regard to the distributioQ 
of the steam. 

Solutions of a few Pboblems. 

Problem 1. — "In a simple slide-valve gear let the eccentricity 
r= 0-060" (2-3"} and the angle of advance 8 = 30". Let the 
admission of steam take place whilst the piston travels 0'8 of its 
stroke, and let the exhaust begin when the piston has still 0'04 of 
its stroke to travel. It is required to find the inside and outside 
lap, the inside and outside lead, the greatest opening of the steam- 
ports, &c., &c." 

Solution. — ^Draw the two axes X and Y (Fig. 3, PI. I.) per- 
pendicular to each other; lay off from Y the angle Y O Po = S=30°, 
and make P„ = f = ■ 060" (2 ■ 36") ; bisect P^ in C, and describe 
from C, with C = G Po as a radius, the valve circle. Next describe 
from 0, to any scale, the circle B R, K,,, which represents the path 
of the crank-pin. In the diagram we have taken R Ej, = O'lOO". 
Now if we suppose that the crank turns in the direction of the arrow, 
and that the piston travels awayfrom the crank-shaft (Fig. 1, PI. I.), 
the exhaust will have to begin in the cylinder end farthest from 
crank, whilst the piston is still distant from the end of its travel 
as much as ■ 04 of its stroke, thus in the figure this distance will 
be 0-04 multiplied by O'lOO == 0-004» (-15"). Therefore, if we 
make RH3 = 4™ ("15"), erect the perpendicular Hj R3 meeting 
the crank-pin circle in R3 and draw R3, this line will represent the 
position of the orank before the dead point at which the exhaust 
begins. The line O Rj cuts the valve circle at W3, and W3 is the 
required inside lap. 

It is required that the admission of the steam shall cease when the 
piston has passed through ■ 8 of its stroke. Making therefore R B., 
= 0-8xRRo = 0-S x0-l = 008'" (3 ■ 15"), and erecting the per- 
pendicular H( Ri, we get by drawing the line R, the position of the 
crank at the end of the admission of the steam, or at the beginning 
of the expansion. This line O R, cuts the valve circle at Vi, so 
that V4 gives at once the required outside lap e. We must next 
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describe from circles with the inside lap W3 = i and the outside 
lap O V4 = 6 as radii, and the whole problem is solved, for we have 
at once all the required quantities; viz. if we put together the 
measurements as taken from Fig. 3, PI. I. : 

Outside lap OV4 = 0-024" (0-94") 

Insidelap OW» = 0-007" (0-27") 

Outside lead Pi Vi = 0-006" (0-23") 

Inside lead Pi Wi = 0-023" (0-903") 

Greatest opening of the port) ^ ^.^3^^ 

for admission ) ^ ^ 

At the same time, answers, as with Fig. 2, Plate L, may 
be obtained to all other questions regardiag the distribution of 
steam and the positions of the piston, but we cannot repeat them 
here. 

To find a general and analytical solution of this problem, it 
would be necessary to proceed as follows : Let Si be the travel of the 
piston during the admission, i. e. up to the beginning of the expansion» 
E = the radius of the crank, and ©i = the angle through which the 
crank has turned, measured from the dead point up to the beginning 
of the expansion, then there exists (supposing that there is a long 
connecting-rod) the relation 

«1 = E (1 — cos (Di), 

but the full travel of the piston is 

« = 2 E. 

From this follows, by division, the degree of expansion 

«I 1 — cos (Di 1 

and the angular movement coi up to the beginning of the expansion 
is therefore calculated from the degree of expansion according to the 
formula 



Bmi<.. = ^l'. 
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Next let the travel of the pbton up to the beginning of the 
exhaust be represented by »3, and the corresponding angular move- 
ment of the crank by t»,, we then get in the same manner 

•'^l-'Vi- 

But the movement of the valve for the angle m is, in general, 
( = r.in(. + 8). 

At the beginning of the expansion it is f = e, as was found by the 
diagram, and at the beginning of the exhaust, i. e. for o> = 013, it 
is ^ = — i, and ve obtain at once (as r and S are conBidered as 
known), for the calculation of the outside and inside lap, the two 
formulas 

€ = I- sin (uj, + S) and i = —r sin (tua + S). 

At the beginning of the stroke w = 0, and therefore the travel of 
the valve f = r sin S, whence may be calculated the outside lead = 
r sin S — e and the inside lead = r sin S — **. 

Problem 2. — " The radius r of the eccentricity and the angle of 
advance B are to be determined for a slide-valve gear with one 
eccentric, when the dimensions of the valve (i. e. the inside and out- 
side lap, or i and e), the degree of expansion _', and the opening of 

the entrance-port at the beginning of the stroke of the piston (i. e. 
outside lead v), are given. For instance, let e be taken = 0'024'" 

[■94"); 1 = 0-007'" (-272"); 1^ = 0-006" {-23"), and i' -O'SO." 

Solution. — The solution is reduced to the ascertaining of the 
position of the centre C of the valve circle (Fig. 3, PI. I.). If this 
position is known, then C = p is the half of the required eccen- 
tricity, and the angle Y C = S is the angle of advance. 

Let the point be taken as centre of the axle, di-aw X and 
perpendicular to it Y ; describe now from Oj with the outside lap 
6 = 0-024°' (-94") and the inside lap i^ 0-007° (-272") as radii, 
the circles Vi V V« and Wt W Wi ; then describe also from 0, to any 
other convenient SL-ale, or preferably with the radius - 050'° ( 1 - 97") 
a circle, which represents the crank-pin circle (K Ej Eo). 
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According to the problem, the distribution of steam shall be such 
that the degree of expansion - = '8 ; in fixing therefore the point 

8 

H4 in the diameter E Eq so that E H4 : E Eo = «i : s, H4 will give 
the position of the piston at the end of the admission of the steam ; 
as in the present case s = O'lOO"* (3 '93") it is simply necessary to 
make «i = E H4 = 0-080"* (3-15"); and drawing from H4 the per- 
pendicular H4 E4, a line O E4 will represent the corresponding 
position of the crank. 

The line O E4 cuts at V4 the circle described with the outside lap, 
and that is, as is known from preceding remarks, a point through 
which the required valve circle passes. 

According to the other conditions of the problem, the opening of 
the steam-port at the beginning of the stroke is to be 1; = 0*006™ 
( '23") ; since O Vi = e is known, we can lay off Vi Pi = v and then 
get at Pi a second point through which the valve circle passes ; this 
circle also passes through O ; if therefore we describe a circle through 
the points V4, O and Pi, it will be the required valve circle, and 
therefore COT will be the required angle of advance S, and O P© 
the required eccentricity r. The measurements give S = 30° and 
r = 0-060"* (2-36"). 

By fixing the points where the valve circle cuts the other circles, 
we are able, as explained in the previous investigation, to answer any 
questions which may arise, 

To solve this problem by calculation, we ascertain from the 
known degree of expansion, as in the first problem, the angular 
movement of the crank up to the beginning of the expansion, 
according to the following formula 

1 A. 

next, the travel of the valve at the beginning of expansion 

e = r sin (wj + 8), 

and then, if the outside lead v is given, the travel of the valve at the 
beginning of the stroke of the piston 

e + V = r sin 8. 



sm - (1)1 
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By means of the last two equations the unknown quantities 
r and S may easily be found. 

The equation /or determining the angle of advance S is easily 
found to be 



cot 8 = 



(e + v) sin Wi 



— cot <i)„ 



and the eccentricity is given by the formula 



r = 



e + V 
sin 3 



Problem 3. — " Let there be given for the designing of a simple 



8^ 



valve-gear the degree of expansion € = — > and the angle of lead 7, 

i. e. the angle E4 O X (Fig. 12), at which the crank stands hefore the 
dead point at the beginning of 
the admission of the steam. Let ^^^' 12. 

there be also given the width of 
the ports V M = a and the dis- 
tance M P = ft, at which the 
outer edge of the valve, at its 
greatest distance from the 
central position, stands beyond 
the inner edge of the admis- 
sion-port. 

" There is to be deter- 
mined the eccentricity O P 

= r, the advance Y P = S, the outside lap O Vi = O V4 = e, and 
the outside lead Vo Po = v." 

SoltUion. — ^Li this and the following problem it is best to combine 
construction and calculation. 

Fix at first the position of the crank O Ei, or the angle X Ki = «i, 
for the beginning of the expansion, by means of the already ex- 
plained method of construction, or according to the previously 
obtained formula 




""2 =Vi"- 
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Next lay oflf the angle of lead X E4 = 7, and bisect the angle 
El E4 ; the bisecting line P gives at once the direction of the 
eccentricity, and the angle Y P is therefore equal to the angle of 
advance S. 

The latter may be also found very simply from the formula 

For the beginning of the expansion we must, in the general 

formula f = r sin (o) + S), substitute e for f and «i for a>, and we 

get 

e = r sin (wi + 8). 

Next follows, as shown in Fig. 12, for the greatest distance of the 
valve from its central position 

r = e + a + h. 

By combining these two equations and using at the same time 
the formula for B, we get after simple reduction 

a + k 
2 r = 



Sin* r-^ 



Prom this equation the eccentricity P = r may readily be 
calculated (or may be constructed according to its direction). 

Now by describing the valve circle on O P, Fig. 12, the two points 
of intersection, Vi and V4, upon the crank lines Ei and E4 are 
obtained, the lengths Vi and V4 representing the outside lap e 
and Vo Po the required outside lead. 

Finally, we may assume the inside lap and thus complete the 
diagram. 

Problem 4. — " Let there be given the degree of expansion e = - , 

s 

the outside lead Vq Po = v (Fig. 12), the width of ports V M = a, 
and M P = ft the greatest distance to which the outer edge of the 
valve passes beyond the inner edge of the steam-port. 
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*' Required, the radius of eccentricity r, the angle of advance 8» 
the outside lap e and the angle of lead 7." * 

Solution, — This problem is most readily solved by calculating 
the eccentricity r, and then determining the other unknown quantities 
by construction. 

The formula according to which r is calculated, may be found as 
follows : — 

For the beginning of the stroke of the piston we must, in the 
general equation of the travel of the valve f = r sin (o) + S), sub- 
stitute for 6) and (Fig. 12) e -f- 1; for f, and accordingly get 

e + 1? = r sin 8. 

Next we determine, either by calculation or construction, the 

angular movement co of the crank up to the beginning of the 

expansion, and substituting this value and f = e in the general 

formula, we obtain 

6 = r sin ((tfj + 8). 

Finally, according to the diagram (Fig. 12) the greatest travel of 

the valve is 

r = e + a-{- h. 

From these three equations we have to find the three unknown 
quantities r, S, and e. Let the value for e, obtained from the last 
equation, be substituted in the two first, then 

r (1 — sin S) = a + h — V, (a) 

and 

r [1 - sin (<üa + 8)] = a + h. (ß) 

Now in order to find r from these two equations, 8 must disappear. 
Use can be made here of the known formula 

1 — sin oj = 2 sin* (7 — h) ' 
and thus there can be obtained from equation (a) 



sin 



'^^(i-|)=\/' 



2r 



♦ The above-given problem was first solved by Redtenbacher (* Gesetze des Looo- 
motiv-baues,' p. 107) by calculation ; later the engineer Hermann gave in the * Zeit- 
schrift des österreichischen Ingenieur- Vereines/ 1859, vol. ix., p. 81, and Prof. Grashof 
in the * Zeitschrift des Vereines deutscher Ingenieure,* 1859, vol. üi., p. 294, a real 
graphical solution of the same problem. 
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and 



2 r - (a + Ä - r) 



(i " 2) - V 

But the equation (ß) gives 



(TT 8 o)i\ /a + h * 



or 

sin 



By using in the formula the two expressions above given, and by 
considering tliat here, as in the previous problems, 

. ü)i /«I /- 

and therefore 

cos ^ = vr^€, 

we get after reduction 

V 1 — € ^a + k -- V — V€V2r — (a+Ä — 17)= — Vo+Jb, 

whence follows 

- 2 (g + A;) - t? + 2 V(a + A;) (a + A; - t?) (1 - c) 
**" 2€ 

We can now calculate by this formula the eccentricity r, and as 
for the rest, use the system of construction. 

After drawing the two axes X and O T (Fig. 12), describe from 
0, with the radius OX=OP = r, a circle (shown in the figure by 
dotted lines), mark from X towards the value a + k, then the out- 
side lap Vo = is obtained, with which we can describe from 
the lap circle. 

Next lay off from V© towards X the outside lead Vo P© = v, and 
erect at Pq a perpendicular Po P reaching the circle described with r 
at P ; then P will be the real direction of the eccentricity r, P T 
will be the required angle of advance 8, and the circle described on 

* [In simple valTe-gear — 5— i is alw9.ys greater than j, hence \J -^ — ^'^^ ^ 
preceded by a negative sign. — ^Ed.] 
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O P from the centre C will be the valve circle. The points Vi i 
V4 give the positions of the crank E, and E, for the l 
of the expansion and tlie admisaioo of the steam, and the angle 
X K^ is the required angle of lead The completion of the diagram 
requires only that the inside lap be assumed. 

If, for example, we take the degree of expansion e = 0'8, the 
outside lead v= 0-006" {-23"), the width of porta a=0030", 
and the distance to which the valve at its greatest travel passes 
beyond the inner edge of the entrance-port h = 0'006" ("23"), then 
the above formula gives for r 

r = 0-060"' (2-86"), 
and from the given construction follows 

6=0-024 and S = 30°, 
which values may also be obtained through calculation from the 
formulas 



Pbactioal Notes on the Dbsigninq op Valve-qearb. 



In executed valve-gears it is generally found that the eccentricity 
r = from ■ 050" (1 ■ 96") to ■ 080™ (3 • 14"), that the angle of advance 
= from 10° to 30", and that the out- 
Bide lead = from ■ 003" ( ■ 118") to 
0-0Ü6"'(-23"). 

The width of the steam-ports, 
measured in the direction of the 
motion of the valve, is generally 
from 0-030" to 0-050° (1-18" to 
1-97"). 

Finally, after all these dimen- 
sions are fixed, there only remains 
to be determined the width b of the bridges and the width o,, of the 
exhaust-port (Fig. 13). Of course the bridge must be wider than 



1 
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the length M P (Fig. 12), because otherwise the valve would opei 
the exIiauRt-port and allow fresh steam to escape- into the air. 

As the greatest distance of the valve from its central position is 
given by the eccentricity r, it will be seen that 

e + a + h must be. greater than r; 

therefore 

h is greater than r -- {e + a). 

Useful proportions for this width h may be obtained by applying 
the following empirical formula 

6 = 10 + 0*6 a in millimetreB [6 = 0*4 + 0*5 a in inches], 

in which the width a of the entrance-port is to be taken in milli- 
metres [inches]. 

Making also the width ao of the exhaust-port 

til© valvo itself at its farthest travel will only reduce the exhaust- 
ix>rt as much as the width of the entrance-port. For the case 
oU^^rvoii in the alcove problem 2 we had as an example 

r = 60-*> = a-l'«, t = 7— [r = 2-36", e = 0-94", « = 0-272"], 

and taking the width of the entrance-port a = 30^ (1 • 18^), we get, 
;KW>rvling to the preceding formula, the width h of the bridges 

> = 10 + 0-6 X SO = 25— {98S")y 

and the width i>f the exhaust-poirt 

«, = «) + S0 + 7-25 = 79— (9-808V 

A further v^ucstion» and one mcireoTer which often presents great 
diäivHÜti^ ta the beginner« is that respecting the angle whidh the 
centra Itn«^ of th^ ecct^ntiio should^ make with that of the crank, or 
in othi^r woi>K bv>w the ecct^itric i$ to be keved to the axle with 

r^&rvnc^ to the position of th^ crank when the angle of advance is 
gtv^iL. The rule» which h^er^ fi>Ilow ar^ rerr simple^ and long 
exp«eruut!ent^ on nxo«.ieU are ^uite nniwceissarr &r obtaining a 
clear Tinder$caodiag of chi$ v^Uü^tk^n« 

^ ;^^ itoiir «ml «üiipiutt «ft «Hfeki gf $(KtÜMi L — ^SbJ 



ON DESTGNING VALVE-GEABS. 



43 



In practice, almost all the eases whicli occur may be divided into 
two classes, which are represented in Figs, 14 and 15. Thus the 
eccentric may act through the eccentric-rod either upon the bell- 
crank lever A C B (Fig. 14), or upon the doubleleverACB (Fig, 15). 

Let US first consider the case shown in Fig. 14. There is always 
given the position and direction of the valve-face B X, as well as the 
position of the centre of the asle and the direction Z of the axis 
of the steam -cylinder. 




Choose the direction A, in which the end A of the eccentric-rod 
shall swing back and forth ; draw the valve S in its central position 
and choose two points E and A, the first in the direction of the valve- 
face, the other iu the chosen direction A ; erect on the lines repre- 
senting these directions the perpendiculars B C and A C ; theo will 
C be the position of the fulcrum of the bell-crank lever AGB, and 
this lever will occupy the position in which it stands when the valve 
is in its central position. Draw now from the centre the line Do 
at right angles to the chosen direction A, and make D,, equal to 
the eccentricity r; then the connecting liue Do A gives the length 
of the eccentric-rod. Produce Z, the axis of the cylinder, past 0, 
and lay ofi' upon tbia the crank Rq as occupying one of its dead 
points ; if we now draw the line D = r so that it forms with the 
line Do the angle Do D = B, equal to the angle of advance, and 
suppose the crank to move in the direction of the arrow, then Ro D 
is the angle by which the centre line of the eccentric must precede 
the crank. The difference between the two directions will be, if the 
axis of the cylinder Z differs from the chosen direction A by the 
angle a, 

angle E,OD = 90^ -|- S - q- 
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If, however, the engine runs in the direction opposite to the arrow, 

the perpendicular O Do must be drawn downwards, and the centre 

line of the eccentric r must be put in the position D' (shown in 

the figure in dotted lines), so that the angle Do' O D' becomes equal 

to S and the centre line of the eccentric precedes the crank by the 

angle 

EoOD' = 90° + 8 + a. 

If in the present case the valve-face B X were parallel to the 
chosen direction A, the joint B of the valve-rod would be in 
the line A 0, and the bell-crank lever would become simply a one- 
armed lever. But in most cases the direction B X coincides with 
the direction OA, when BC= AC, and the lever is omitted altogether, 
a separate guide for the end of the eccentric-rod being no longer 
required. 

The second case, as represented in Fig. 15, may be treated in a 
similar manner. Let the centre of the axle O, the direction B X 
of the valve-face, and O Z of the axis of the cylinder, again be 
given. 

Fio. 15. 

B 




Choose as before the direction A in which the end-point A 
of the eccentric-rod shall move : draw the valve S in the central 
position, and B C perpendicular to B X, and A C perpendicular to 
A ; A C B is then the double lever with the fulcrum C, which 
transfers the eccentlric motion to the valve, the lever being in its 
central position. By now drawing Do = r perpendicular to A, 
the connecting line D© A again gives the length of the eccentric-rod. 
Continue as in the first case the line Z ; draw the crank Eo 
towards the dead point farthest from cylinder, and draw the eccentri- 
city D = r, so that it forms with Do the angle Do D = S, the 
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angle of advance, the crank being supposed to move in the direction 
indicated by the arrow. If, however, the crank moves in the opposite 
direction, draw the line D'= r, as in the preceding case. 

But in the present instance the proper position of the crank is 180^ 
from that just drawn, because the direction of motion of the valve is 
reversed by the double lever ; the crank must therefore, for the given 
position of the eccentric, be placed in the direction Eo', and it will 
be found that the eccentricity D = r, when the crank moves in 
the direction indicated by the arrow, follows behind the crank at the 
fixed angle 

Bo'OD = 90° -8 + a. 

But when the crank revolves in the opposite direction, the angle 

will be 

Eo'OD' = 90°-a-a. 

If we call the arms A C and B C in both cases a and b, the 
movement of the valve will be 

f = - r sin (o) + 8). 
a 

In drawing out the diagram, therefore, the diameter of the valve 

circle is to be taken as - r, but nothing else is to be altered in the 

rules for designing and using the diagram. In all our investigations 
we have considered the simpler and more frequently occurring case, 
and tacitly assumed that a = b, and that the direction of the valve- 
face coincided with the direction O A, or in other words, that the end 
of the eccentric-rod acted directly on the end of the valve-rod. 
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CHAPTER II. 

On the " Missing Quantity " in the Formula for the Simple 

Valve-motion. 

Equation (P) gave for the movement of the valve 

{ = r sin 8 cos a> + ^ cos 8 sin a> + ^i ^ <^ ^^ (^ ^ + «>)• 

In the preceding investigations we neglected the third quantity, 
because in most cases it is very small ; the first two terms then repre- 
sented the polar equation of two circles, which explained the whole 
distribution of the steam ; moreover, it then appeared that the valve 
moved symmetrically back and forth on both sides of a point which 
was at a fixed distance from the centre of the axle. 

In reality however this swinging motion is not so regular, for the 
quantity 

■^j sin Ü) sin (2 8 + w) 

cannot under the usual arrangements be made to disappear altogether. 
But generally the length I of the eccentric-rod is very large in pro- 
portion to the eccentricity r, and the disadvantageous influence of the 
missing quantity nearly disappears in practice. Nevertheless it seems 
important to us to examine the influence of this quantity more closely, 
as we can get from it a practical rule, and as the exact movement of 
the valve will be thus brought before our eyes. 

We find (see p. 47) for the distance of the central position B 
of the valve from the centre of the axle 0, when the crank has moved 
through the angle © (Fig. 16), 

r« cos* (o) + 8) 



OB = rsin(ü) + 8) + i + Zi- 
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If we substitute 180° + «o for «o in this equation, that is, suppose 
the crank to have turned through 180°, we find the distance of the 
centre of the valve Bo to be 

r^-D • /iQAO , I s^^ . 7 . 7 r* COS* (180° + o) + 5) 
O Bo = r sm (180 +ü) + ö)+Z + Zi ^ — ^r-^ . 
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But the average of both values gives the distance of the middle 
point of the line B B, from ; calling this distance X„ we get, 
after some reductions, 

_ r" coa' (< ü + S) ^ ^jjj 



OX, = 1+1,- - 



2 1 




Strictly speaking Xj is nothlDg but the centre of motion, and 
O X] is therefore its distance from the centre of the axle. As to 
occurs in the corresponding formula, it is evident that O Xj is 
variable, and therefore tJuU the position of (he centre of motion is 
likewise vartaile. 

We found, equation (6), the distance of the centre of motion 



tob 



OX = 1 + 1,- 



by ascertaining the positions of the valve for w = and o> = 1S0°, 
and then taking the point mid-way between these as the fixed centre 
of motion. Wo based this upon the following method, pursued in 
practice when settingor adjusting avalye: The crank is placed at the 
dead point, and the lead measured, i. c. the opening of the entrance- 
port for this position of the crank is measured ; the crank is next 
placed on the second dead point, and the corresponding lead 
measured, and the valve-spindle is then shortened or lengthened till 
the lead on both sides is equal. This is also, as will be shown, the 
most correct way, and coincides perfectly with our method of 
determining the position of the point S, 

When the "missing quantity" was neglected, the centre obtained 
was X ; but when this quantity is taken into consideration, the actual 



[ 
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position of the centre of motion Xi will be found to be different 
from X, and the amount by which it is thus shifted is given by 

% = OXi-OX=r^roos«8-cos«(ü) + 8)l, 
or, after a few reductions, 



r« 



% = ^-j sin o) sin (2 3 4- w), (12) 

and that is nothing hvi the missing quantity itsdf. An examination 
of this equation therefore will give a complete explanation of the 
movement of the variable centre of motion Xi with respect to the 
fixed centre X. 

Both coincide, or 2; = 0, when w = 0° (180° - 2 S), 180° and 
{ßß{f — 2 h\ i. e. when the crank stands on the dead points or as 
much as 2 8 before them. 

The ** missing quantity" is a maximum, or the difference z 

between the positions of the two points X and Xi is greatest, 

when 

sin 0) sin (2 d -f (o) = maximum, 

or according to the calculus, when 

sin 2 (S + o)) = 0. 

This again gives four angles, viz. : 

o, = (90° - a); (180° - a); (270° - a); and (360° - 8). 

The two angles 90° — S and 270° - S give the greatest positive 
value oiz: 



y2 



«n.ax = + 2"^ COS^ «• (13) 

The two other angles (180° - S) and (360° - S) give 

y2 
«max = - cTl ^^^ ^' (^^) 
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But the diagram (Fig. 2, Fl. I.) shows that just at the angles 
90° - S and 270° - B, the largest opening of the ports takes place, 
and the valve, being at the extremities of its stroke, travels a small 
distance beyond the edge of the port ; now whether, in consequence 
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of the missing quantity, the movement of the valve is more or less 

than r by ^ cos' S is a matter of no importance whatever. The 

greatest difference between the positions of the points X and X, 
occurs therefore at a place where it cannot influence the distribution 
of the steam. 

The circumstances are similarly favourable in the cases where tbo 
second maxininm difi'erence occurs. 

This second difference occurs when the angles q> are 180" - S and 
360°- B; but accordingto the diagram, these angles represent those 
positions of the crank at which the valve is just at the middle of its 
strobe, that is, when both ports are closed. The effect of the above 
difference is, that the valve, at these moments, has not yet quite 
reached the position it otherwise would have, being still distant from 

it to the small extent „-, sin^ B ; but as the ports are dosed at these 

paiitions by the lap, the disturbance in this case also occurs at a 
time when it is least felt.* 

We have now seen that the greatest differences from the results 
given by our diugiam, take place at points where they are without 
unfavourable influence upon the distribution of the steam ; the reason 
for this principally lies in the correct fixing of the centre of motion, 
in other words, in the manner of adjusting or setting the valves 
explained above. From this follows the practical rule, always to 
adjust the vaives so thai (he had is equal on hotk sides. 

In order to get a complete view of the influence of the niidsing 
quantity upon the entire distribution of the steam, the exact values 
of f must be calculated for different values of w, according to equn- 
tion (I"), and the curve be drawn to polar co-ordinates. Instead 
of the two circles, a curve is obtained which likewise has the 
shape of an 8 ; this curve then takes the place of the two valve 
circles, and in connection with the other circles explains exactly, 

* If the litpa are voiy small, perhaps nil, as !■ often the eaae with the ineide tnp, Ibon 
of oonree an unfaToncnblB distribution of the steam ma; be expected in ooasequetioe of 
the effect at the missing qoojititf . It is thcreforo advisable, wben groat e 
and abort ewcnIric-rodB aiv omployod, to tuako the lapa largor llian usual. 
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according to the instructions given with regard to Fig. 2, PI. I., tha 
distribution of the Bteam. 

We do not enter upon this question more minutely, as it is of no 
farther ose. In most cases the ratio -j is quite small, and then 

there exists no reason for regarding tlie " missing quantity," and 
thus making the investigation more difficult. Moreover the irregu- 
larities due to the piston motion, whieh were emphasized on p. 7, 
have a greater hurtful influence on tlie distribution of the steam than 
the "missing quantity," and in more exact investigations the former 
must be first taken into account. 

Eepresbntation of the Distribution of Steam by Means of 
Valve Ellipses. 

The simple diagram for the movement of the slide-valve already 
described and examined, gives for- any crank angle w tbe distance of 
the valve from its central positioo, or, as we may say, it represents 
the valve movement | a& a function of the angular movement m. If the 
angle w is given, it is easy to fix the position which the piston at tha 
same moment occupies in the cylinder. It may be now desirable to 
show directly, graphically, the relation between the movement of the 
valve and the stroke of the piston ; and for such a purpose, a system 
of rectangular co-ordinates is to be adopted, in which the stroke of 
the piston is ttken as abscissa and the travel of the valve as ordinate; 
the different points obtained in this manner for different angolur 
movements are connected by a curve. 

We will now consider more closely this mode of representation, 
which was formerly generally used and which is still applied by a few 
authors. Let (Fig. 17) AB be the full stroke of the piston, drawn 
to a reduced scale, and on A B as a diameter and from 0, with the 
radius A = B = K = R, let there be described a circle. Ijet 
R be supposed to represent the crank, and let it have moved from 
tlie position OA (the dead point) as much as the angle AOR = m, 
then the periiendicular RM gives at once in the part AM = s of the 
line A B, the diitanoe of ike piiton from the end of its stroke. Thia 
line may be taken as an abscissa, when A is taken as the origin of 
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co-ordinates, and wheo, as we shall for simplicity suppose here, the 
connecting-rod is taken as infiuitely long. Let na now draw to the 
same or any other scale, the ordinate MN representing the move- 
ment ^ of the valve, corresponding to this position of the crank. This 




movement of the valve may be either calculated by the formula 
5 = r sin (m + S), or it may be obtained in a graphical manner by our 
polar diagram. In the latter case, draw from the perpeudicnlar 
O Y, and draw next the eccentricity D = »• in such direction 
that the angle Y D becomes equal to B, the angle of advance. 
The radius vector P, falling in the direction of the crank B, and 
belonging to a circle described on D, thus gives at once tlie 
required ordinate M N. 

Fixing in this way a series of points like N, and connecting thera 
by a line, we obtain a closed curve which, as may easily be proved, is 
an ellipse, and which is called the valve ellipse. If we now shift the 
origin of co-ordinates to the centre 0, and take M = as as the 
abscissa of the point N, we at once find (this being exact only for 
connecting-rods of infinite length) 

while the ordinate, which for the present we will call y, is 

J, = ,* = r sin (.. 4- B). 
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Elimiaating from both equations tlie angle 
reductions. 



e get, after a few 



R'f. 



5 + r" ic= - R' f^ ci 



and that is, aa may easily be proved, the equation of an ellipse 
referred to rectangular ases with the centre aa an otigin, but in 
which the axes of the co-ordinates do not coincide with the principal 
axes." The ordinatea of the different points of that part of the 
ellipse situated above A B represent the movements of the ralve 
towards the one, and the ordinates of the points below AB the 
movements towards the other side of the centre of motion. By draw- 
ing the parallel lines e e and e e at a distance equal to the outside 
lap e above and below A B, and also tlie parallel lines i t and ii at a 
distance i equal to the inside lap, the distribution of the steam is 
given, and it will be found that the opening of the entrance-port for 
the position M of the piston during the stroke of the piston from 
A to B is given by the part N S of the ordinate M N, and the port 
opeoiug for the exhaust by the part N T of the same ordinate. 
Moreover, it is easy to understand that the points a, c indicate 
respectively the position of the piston for the beginning of the ex- 
pansion and of the exhaust in the cylinder end nearest the cranio 
shaft, and the points b, d, the beginning of the compression and 
admission of the steam in the cylinder eod farthest from crank-shaft. 

* Calling the aogle which the major axis of tbia ellipse makes with the axis of 
»bBoiaga AB, if; then starting with the eqaiitioD of the ellipse. 
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By producing the perpendiculars to A B that pass through these 
poiDts of tho curve, till they meet the crank-pin circle, we obtain for 
the four principal points in the distribution of the steam, the positions 
of the crank 1, 2, 3, and 4. We, however, founrl these 
positions more simply in our polar diagram through the points in 
which the valve circles and the two lap circles crossed each other. 
In fact, this method of representing the movement of the valve by 
an ellipse does not give a better view of tlie matter than onr former 
diagram, and is not to be recommended for practical application, on 
account of tho greater difBculty of construction. 

For those valve-gears in which the eccentricity and angle of 
advance are variable, this method is without value ; for each separate 
case would require the construction of a special ellipse, a work which 
requires much time and does not give the necessary exactness in the 
measurements ; besides, the figure would be covered with so many 
lines and curves that it would be difficult to understand.* 



EeüLEäUx'S rtlAGRAM. 

A diagram difFerent from that above described, and which with 
e^jual facility answers all questions relating to the distribution of the 
steam and the influence of difFerent dimensions in a simple valve- 
gear, has been invented by Professor Eeuleaux. In the following 
description of this diagram by Eeuleaux, the same designations are 
employed, so as to facilitate comparison with the otlier diagram. 

The travel of the valvo has been shown, according to previous 
formulas, to bo 

I = r sin 8 cos ui -I- r C08 8 ain cu, 

or 

* [TbU elliplk-al Jiagmm ia best knawiiiii Euglisb and Ameriran Gugiceurtiig circles 
US the motioa-cariK ; OQco construoted, it gives dicettly ths «ilatinn between piston 
poutiODB and valve positiona, wbicli relation it ie the object of valve-gear invuetigntion 
to determine : it «ill, therefara, continae to be uaed aa a representation of the fiual, 
dL-aired, reiult ; for «lustruoting tbis motioa-cniva we may nee ProlesHor Zeuncr'a ainipte 
dingiMQ fur oblaiuing the valve movemetita (ordinaCca) and the tables on pp. S and 9 
for deteiminipg tho pistun poäilioUB (aba'iaeaal. — Ed.] 
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The opening of port for admisaioii when the crank a 
f - e = r sin (8 + <o) - e, 
and the opening of the port for the exhaust, is 
i-i = r.m(S + .)-.-. 



Now ii 
complete ii 



order to save calculations and to obtain by dif^ram a 
sight into the matter, we proceed according to Eeuleaux 




as follows : Draw the two axes X and Y at right angles to each 
other (Fig. IS), take as the centre of the axle, and draw the lines 
P and Q so that they form with T and X the angles 
TOP = XOQ = S, 

i. e. equal to the angle of advance. Now describe a circle from O as 
a centre, with the eccentricity B = r as a radius, and suppose the 
crank to be in the position O X on one of its dead points. Next 
draw the line Ü^Bg parallel to the line Q at the distance W = 
i = the inside lap ; and also the Hue Bj E, at the distance 0\ = e 
= the outitide lap ; and finally the line M] M, at the distance 
V M = a = the width of the entrance-port, from Bj E^, and the 
diagram is completed. 

Suppose the crank to have turned through the angle X O Bi = u. 



1 drop from K. the 
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and therefore to be in the position Ri , ar 
pei'pendicular E, Q, on to Q, then we have 

E, Q, = r sin {«, + S) 

the movement of the valve, as well as 

K, V, = E, Q, - Q. V, = r ein (a> + S) - 

the opening of the port for admission, and finally 

E, W, = El Qi - Q, W. = r sin {<a + S) 



the opening of the port for exhaust for this particular position of the 
crank. 

If the crank stands on the dead point, for instance in the position 
OEj, the opening for the admission of the steam is Rq^oi and that 
for the exhaust is Eo Wo ; the former value is therefore the outside, 
and the latter the inside, lead. 

The correctness of the following will be very easily understood. 
At the position Ba of the crank, when it stands at the angle 
Rg fio ^fore the dead point, the admission of the steam begins in 
the cylinder end nearest the crank-shaft. At the position Kb the 
exhaust begins in the cylinder end farthest from crank-shaft. 

At the position Mj of the crank, the entrance-port is just fully 
open, and it remains fully uncovered until the position M^ is 
reached by the crank. 

At E3 the expansion begins, at K, the compression, &c., &e. 

If the crank occupies the position Q, the valve is at its central 
poäitioQ, and when the crank is at the position P, the valve is most 
remote from its central position, and M P represents the distance to 
which the outer edge of the valve has passed beyond the inner edge 
of the port. 

If it is also required to know at which positions of the crank tlie 
port at the other end of the cylinder is just fully open for the exhaust, 
or jiiat beginning to shut, draw at the distance WN = a the line 
Ni Nj parallel to Q, and then ONi and ON3 are the required 
positions. 




tne required ■ 
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In the other semicircle the procedure is of course the same, and 
all the principal positions of the crank have only to be produced 
through O till they meet the circumference of the circle. 

As the yalues of r, e, a, and i are generally drawn full-size, all the 
other measurements are also obtained to the same scale. 

In the diagram (Fig. 18), which is drawn half-size^ the data are 
the same as in problem 2. 

This diagram gives for the simple valve-gear the principal posi- 
tions of the crank as readily as the circle diagram ; and it gives just 
as simply and clearly the proportions for valve-gears with separate 
expansion valves. It only loses in clearness if it is applied to those 
valve-gears in which the eccentricity as well as the angle of advance 
is variable ; for such valve-gears, of which we shall examine a whole 
series farther on, the circle diagram is to be preferred. 



Deprez's Diagram. 

Deprez's diagram was recently made known in an article by 
Combes* and represented by the latter as being as simple and clear 
as the diagram which is the subject of the present work. 

We will now briefly describe Deprez's diagram, but will say in 
advance that, when applied to complicated link-motions it un- 
doubtedly loses in clearness, and can only be compared with other 
diagrams when applied to valve-gears with one valve and fixed 
expansion. 

Let Ai A (Fig. 19) represent the direction of stroke of the end of 
the eccentric-rod, and O the centre of the engine-shaft. Lay off to 
the right and left of O the distance O A = Ai equal to the eccerh 
trieity r, and draw the lines A Q and Ai Qi so that they make, with 
the direction Ai A, angles O A Q and Ai Q, each equal to S, i. a 
equal to the given angle of advance; now let fall from the centre O, 
on A Q and Ai Qi, the perpendiculars O Q and O Qi, and, with O 
as a centre and O Q as a radius, describe the circle Bq B Q Bi ; 

* Combes, * Bulletin de la Societe' d*Encouragement,' &c., 1868, p. 526. 
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in accordance with this construction the radius of the circle is 
O Q = r sin S, and the lines A Q and A, Qi are tangent to the circle 
which we may also regard as the crank-pin circle. 

Now if we suppose the crank to have moved in the direction of 
the arrow through an angle R O K« = w, estimated from the dead- 

Fia.10. 




point position O Roj and draw through the point R a parallel R P to 
the tangent A Q till it intersects at F the direction of the stroke 
A, A, then will the distance O F be the distance of the valve from its 
central position, i. e. O F will represent the valve movement f for the 
corresponding crank position. 

In accordance with the construction, we have in the triangle 
ORP: 

EOP = «. and OPH = S, 



hence 



and it follows that 



0RP = 1 



- (S + <«). 



P : fi = Bin [180= - (8 + ü,)] : sin S 
and from this we obtain, since O R = r sin S, 
P = g = I- sin (8 + <ü). 
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Therefore, to determine the valye movement from Depre 
diagram, we have this niie : — Project the given crank positi 
O It = r sin 5 obliquely, i. e. parallel to the tangent A Q, on to t 
valve direction A A, ; the projection P is the valve movement. 

The inverse process of obtaining the crank position corresponding 
to the valve movement is efTected by drawing through P a parallel 
to the tangent A Q, and finding the intersections B and R'; the 
crank positions R and R' are those which have the same 
valve movement P ; it follows from this that the valve will be at 
the greatest distance A = Ai = r from its central position when 
the crank la in the positions Q and O Qi. 

To find the most important crank positions connected with the 
distribution of the steam, lay off on A Ai to the right and left of O 
the distances V = Vj = e equal to the ovi&ide lead, and the 
distances W = Wi = i equal to the inside lead, and through th« 
points V, W, Wi and Vi draw parallels to A Q, and note their inter- 
sections E, , Rj, &c., with the circle. We then have the princip^ 
crank positions fur the crank motion through the upper semicircle ;: 
the crank stands at Ki when expansion begins in the cylinder en4 
nearest crank-shaft, and at E^ when compression begins in thftl 
cylinder end farthest from shaft ; at Ej when steam begins to 
exhaust from the cylioder end nearest shaft ; at E, when steam is 
admitted to cylinder end farthest from crank. For the crank motion 
through the lower semicircle we have the corresponding ciank 
positions R'l, R'^, R'^ and EV 

When the diagram is drawn full-size the outside lead is giv« 
directly hy the distance V Eo and the inside lead by the distant 
WRo. 

It is unnecessary to enter into the other questions connected 
simple valve-gears, for they have been fully discussed in connection': 
with the polar diagram, and their transference to Deprez's diagram 
not accompanied by any special difEculty. 
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Müller's Diagram. 



Lüother graphical method of ascertainiüg the different positions 
of the Talve relatively to the different positions of the crank baa been 
given by Professor Müller." 

Mülier's diagram, which distinguishes itself from the above-given 
diagrams principally by representing the valve movement in a 
mathematically exact manner, may be described as follows : — 

Let OX (Fig. 4, PI. I.) again be the direction of the valve-face, 
and let Y be perpendicular to this direction. If the crank is on the 
dead point, the eccentricity r takes the position OD; DOT being 
the angle of advance 5. Next let DEj be the eccentric-rod, the 
length of which we shall call I, and Bj may represent directly the 
centre of the valve. If the crank is now turned through the angle w, 
then the centre line of the eccentric r is shifted from the position 
O D into that marked D', and the valve centre comes to Bp- The 
distance OBo has been already determined by formula (p. 12); 
but this distance may also be obtained by geometrical means, as 
follows : Instead of regarding the valve-face X as fixed, and D 
as changing its position to D,, as is the case iu reality, we regard 
the eccentricity D as fised, and turn the valve-face X in the 
opposite direction through the angle XOX' = oi (direction of the 
arrow). From D as a centre, with the eceentric-rod BD = / as a 
radius, describe an arc cutting X' at B, the length B gives at 
onca the distance of the vjjve centre from the centre of the axle for 
the angle w, for B = B,,- Hence followa the simple rule : — In 
order to fix the distance of the valve centre B from the centre of 
the axle, describe from the [loint D a circle with the length of the 
eccentric-rod DB2 = DB=?a3a radius; the radial lines drawn to 
that circle from then directly represent the required distances ; 
and the angle which any radial line OB forms with the direction 
X, gives at the same time the angle m which the crank at this 
position of the valve makes with the axis of the cylinder. 

But the valve has to swing to each side of a fixed centre. If we 
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adjust the valve so as to have equal lead at each eud of cylinder, 
i. e. set the valye so that it stands at equal distances from the centre 
of oscillation when the crank paiees through one or the other dead' 
point, then in order to determine the movement of the valve, w4i 
must proceed in the following manner : — 

Bisect the distance Bj Bj, i. e. the distance between the points in 
which the circle cnts the direction X, in the point 0,, and describe 
from the centre of the axle, with the radius M = 0| Ej = 0, B,, 
a second circle, then the length M B gives directly for the crank 
angle to the movement f of the valve, or the distance travelled by 
the valve from its central position. Producing OB past 0, we get, 
in the stime manner, the length M' B' as the movement of the 
valve for the angle 180° -(-(o; the lengths M^Ba and M3B3 give 
the movement of the valve for 01 = and a = 180°, i, e. for the 
moments at whicli the crank passes through the one or the other 
dead poiut. It is also easy to understand that Mj and M'o will 
represent the positions occupied by the crank when the 
just at the centre of its travel. 

The openings of the port for admissinn and exhaust may also be 
easily obtained for any position of the crank. Laying off upon th* 
line B the distance M P = M' P' = e, i. e. equal to the outside l«i^ 
and the length M N = M' N' = i equal to the inside lap, ajid 
describing from with the lengths P, N, P', N' a series of 
circles, B P gives the opening of the port for the admission and B N 
the opening of the port for the exhaust when the crank angle is equal 
to Ü) ; and in the same manner the lengths B' F and B' N' give the 
eame openings for the angle 180° -I- m. 

The distances Bj Pj and B3 P3 represent the openings of the porta: 
for admission, and E^ N^ and B3 N3 the openings of the ports for the 
eshauet, when the crank stands on one or the other dead point^' 
the piston being then at the end of its stroke ; the former distances] 
represent therefore the outside lead, and the latter the inside lead', 
It will be seen finally, considering the statements made previously] 
in constructing the diagram, that for the forward and return stroka] 
of the piston respectively it, and R'l in Fig. 4, PI. I., repr&^j 
sent the positions of the crank at the bi'ginning of the ex|)ivnsioD {;] 
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O Rj and O E'a those at the beginning of tlie compression ; O E3 and 
OR'a those at the beginning of the exhaust; and O Rj and OR', 
those at the beginning of the admission of the steam. 

At first sight the present diagram might easily be taken to be 
more useful and correct than the diagrams which we have previously 
given, because Müllers diagram gives all measurements mathema- 
tically exact; but on a closer examination it shows disadvantages 
which are difficult to remove, so that it can be recommended only 
for investigations of valve-gears with very short eccentric-rods ; for in 
order to obtain the measurements correctly, the figure must be drawn 
full-size. But as valve-geara in most cases have eccentric-rods 
which are very long in proportion to the eccentricity, the figure will 
not only occupy an inconveniently large space, but what speaks 
chiefly against the application of the diagram, the diflerent circles 
will cut each other at very acute angles, so that the points of inter- 
section which give the positions of the crank for the beginning of the 
expansion, the compression, &c., cannot be determined with the 
necessary exactness. The longer the eccentric-rods, i. e. the better 
the valve-gear, the more unceiiain will be the results obtained from 
the diagram. But it shows still greater disadvantages when, as must 
almost always be the case, the diagram is drawn to a reduced scale. 
Finally, for those valve-geara in which the eccentricity and the angle 
of advance are variable, of which several will be examined farther 
on, it loses all utility. 

But the diagram may be applied with great advantage to an 
investigation of another kind, viz. to ascertain the position of the 
piston in the cylinder for a corresponding position of the crank. 

We have always assumed in our former discussions that the 
length of the connecting-rod was infinite. This supposition leads in 
many cases to considerable errors, and the following construction, 
which gives the positions of the ciank most correctly, is therefore to 
be preferred. 

Let A B (Fig. 20) be the fixed steam-cylinder, the axis of the 
crank-shaft, R the crank in any position, and R K the connecting- 
rod of the length L, with its end K directly fastened to the piston. 
If the crank stands in one or the other dead point, or in the position 
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O Bo or O R', the piston will be at the end of its stroke Ko or K',. 
If the crank R of the radius R, has turned through the angle 
Ro R = ID, the corresponding position K of the piston is found by 
intersecting the line A with an arc drawn from the point R, with 
the length L of the connect ing-rod as a radius. Ko K and K K'o are 
then the distances of the piston 
from the ends of its stroke for 
the corresponding position O R of 
the crank ; and Ko K ia the dis- 
tance travelled by the piston. 
Instead now of supposing the 
crank to be movable and the 
cylinder fixed, we take the crank 
as fixed in Ro and turn the 
centre line of the cylinder O A, 
through the angle w, into the 
position OMo. If we now, with 
the length of the connecting-rod 
L as a radius, lay off from Ko upon the line Mo the point JI, we 
shall have, as will easily be seen, fllo M = Ko K and M' M = K', K, 
if Mo is made = K'o and M' = KV The following rule for 
determining the movement of the piston is thus obtained :— Describe 
from the centre of the crank-shaft with the radii Ko and K'o the 
two circles I and 1 1. Next describe from R^ with the length Ro K, 
= Ro M = L a third circle, which we may call according to Müller 
the distance circle. For any position R of the crank, after 
producing the line R so aa to intersect the three circles, three 
points of intersi'ction Mj, 1*1, and M' are obtained, and the distances 
Mo M and M M' give at once with mathematical precision tHe 
distances of the piston from the end points of its strokej when the 
crank has travelled from the dead paint through the a 
Bisecting the stroke KoK'o of the piston in K,^, and describing from 
the fourth circle (shown in the figure in dotted lines), the liues K^ 
and O R'„, which pass through the poiuts of intersection of this circle^ 
with the distance circle, give the two positions of the crank at whieh- 
the piston is just passing through the middle of its stroke. Th»; 
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angles throngh which the crank has to pass from its dead points 
till the piston arrives at the middle of its stroke are therefore 
different for the hackward and forward stroke; and they approach 
nearer to right angles the longer the connecting-rod L is in 
comparison to the radius B of the crank. 



. Bilqram'b Diagsau. 

[This simple diagram is due to Mr. Hugo Bilgram, an Ameiioan 
engineer. It is constmcted as follows : Draw the rectangular axes X 
and Y, describe from. as a centre, with OD = r as a radius, a circle 




representing orbit of eccentric, and lay off X O Q equal to angle of 
advance YOD = S; tben deecribe from Q and Q* as centres, and the 
inside and outside laps as radii, the lap circles Y N and mm. 

When the crank is at its first dead point it occupies tbe poBition OB 
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and the eccentric the position D. Now when the crank has moved 
through the angle E O Ki = w from the dead point, the eccentricity 
will occupy the position ODi, and, angularity of eccentric-rod being 
neglected, the distance of the centre of the valve from the centre of 
motion will be measured by the perpendicular Q P let fall from Q on the 
crank position Ei or its prolongation, for we have 

QP = OQsin(QOX + XOP) = r sin (8 + «) = f. 

Subtracting from this valve movement the outside lap, we get the port 
opening for admission of the steam, and by subtracting the inside lap 
we get the port opening for the exhaust. In the diagram this sub- 
traction is performed by the lap circles, and, for the assumed crank 
position, these port openings are given by the distances V P and W P 
respectively. When the crank is at its dead point the port opening for 
admission or outside lead is given by the distance Vq Pq. 

It is evident from the diagram that the valve movement will be 
zero, i.e. the valve will be in its central position, when the crank 
occupies the position O Q or O Q' ; it is also easy to see that the valve 
movement equals the outside lap, i. e. the admission of steam is either 
just beginning or just ending, when the crank is tangent to the outside 
lap circles ; finally the valve movement is equal to the inside lap, or the 
exhaust is either just beginning or ending, when the crank is tangent to 
inside lap circles. In order to readily distinguish between the occur- 
rences at the two steam-ports, we may employ two dotted circles as in 
Fig. 2, PI. I. Here, however, both circles are placed outside the orbit 
of the eccentrics, the outer dotted circle representing the occurrences 
that take place at port nearest crank-shaft (see Fig. 1, PI. I.), and the 
inner dotted circle those that take place at the port farthest from crank- 
shaft.— Ed.] 
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SECTION IL 

REVEBSING-MOTIONS WITH VARIABLE EXPANSION. 
{Link-motions.) 



Valve-geahs by which the slide-valve can be moved bo that the 
crank'-axle will nm in either direction, that is, so that the engine 
will run forward or backward, are called " reversing-motions." 

These reveraing-motions, which are applied in locomotive, 
marine, and winding engines, differ greatly in construction ; by far 
the most important ones are those which at the same time allow of 
variable expansion, that is, those which allow the admission of the 
steam to the cylinders to be iiitemipted sooner or later during the 
stroke. 

In all those valve-gears which vary the expansion by suitably 
moving one slide-valve, the motion of the valve is derived from a 
frame called the " link," which itself is set into a rocking, and at 
the same time into a forward and backward motion, by one or two 
eccentrics. Keversing-motions with variable expansion of this kind 
are called " link-motions." 

Link-motions unquestionably belong to the most ingenious 
mechanical movements that occur in machinery. By simply moving 
a lever, some of the parts of this very simple mechanism are so 
shifted as to alter the movement of the single slide-valve, thus per- 
mitting the engine to run backward or forward with any degree of 
expansion, a result which it might he expected could only be 
obtained by very complicated mechanisms. But the link-motions 
now usually employed are as simple as the exact law, according to 
whicli the movement of the slide-valve takes place, is complex. The 
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object of this book is chiefly to demoDstrate this law for the most 
important and best-known link-motions^ and to derive from it 
practical and useful rales. 



CHAPTER I. 
Stephenson's Link-motion. 



This link-motion is the one most generally used for locomotive 
engines. Fig. 5, PI. II., shows the ordinary arrangement employed. 
Upon the axle are fixed the two eccentrics D and Di, from 
which extend the two eccentric-rods B C and Bj Ci, these being 
jointed at the ends nearest the valve to the link C Ci. In the curved 
slot of this link, there slides the block M, which is jointed to the 
guided valve-stem T. The radios of the slot in the link must be, as 
will be shown hereafter, equal to the length of the eccentric-rod. 
The link is suspended by the hanger E Ci in such a manner, that 
when the engine-driver moves the reversing-lever L N, the reversing- 
rod Q F and the lifting-arm F K E will lower or raise the hanger 
E Ci, and therefore also the link Oi. The block M then slides in 
the slot of the link, and the driver may therefore use, according to 
the position of the lever L N, any point of the link for the move- 
ment of the valve-spindle T. The lever L N moves in an arc Q B, 
which is provided with notches,* by means of which the lever can be 
fixed at any position. The link is made in the two shapes repre- 
sented by Figs. 6 and 7, PI. II., and is also sometimes suspended 
from the upper end C or from a pin in the middle J of the link, this 
point being called the dead point of the link. For when the link 
(Fig. 5, PI. II.) is raised so far that the point J drives the block 
M, and therefore the slide-valve, the distribution of the steam is 
such that no movement of the engine can take place ; but when the 

'*' [The notches are generally so arranged that they correspond to cnt-offs which take 
place when the piston has travelled an integral nmnber of inches ; thus, with a stroke 
of 24 inches, the notches correspond to cut-offs at the piston positions 6, 9, 12, 15, 18, 
and 21 inches, or to the piston positions 6, 8, 10, 12, 15, 18, and 21 inches. — £d.] 
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driver lowew the link, the engine rons forward, because then the 
forward eccentric D principally governs the movement of the slide- 
valve. On the other hand, when the link is raised so far that a point 
below the dead point diives the block M, the engine runs backwards, 
the hoch eccentric then chiefly influenciog the movement of the slide- 
valve. Now it is easy to see that when the axle turns, the link will 
not only receive a rocking bnt also a reciprocating motion, and thus 
transfer a peculiar movement to the block M and to the slide-valve. 
The latter movement is, however, so extraordinarily complicated, 
that it cannot be followed exactly, but only approximately, by 
mathematical calculation. But the results of the calculation and 
of the diagram agree very satisfactorily with practice. 
_ In examining these link-motions, we have to distinguish between 

m different cases: the eccentric-rods are either open or crossed, aa 
I represented by Fig. 21 a and b, and in either of these cases the 
W angular advance of the two eccentrics may be equal or unequal. 

Let be the centre of the axle, D the centre line of the forward, 
and Di that of the back eccentric ; let any point M of the link 
drive the valve-stem M B, and let the line of motion of the latter 
pass through 0. If now the crank is on one of its dead points, 
for instance lies in the direction E,,, and if the corresponding 
positions of the eccentric arms are equally inclined towards the 
vertical line Y, we have equal angles of advance, these being 
DOY = DiOT, = S; this is true, whatever the angle included 
between the crank and eccentric arms. If the inclinations of the 
eccentric arms to the vertical Y are not equal at this position of 
the crank, the angles of advance will be unequal, and the distribution 
of the steam is then a different one. 

F 2 



^y^^^p-^ö(^^^ä-B 



le 



68 REVER8ING-M0TI0NS. 

In order to examine whether a link-motion works with crossed or 
open rods, the axle is turued so far that the centre lines of the tmo 
eccentrics are between the vertical line ¥ Yi and the li?ik. If the 
eccentric-rods then occupy the positiona shown in Fig. 21 a, they 
are said to be open rods, and crossed rods if they are as shown in 
Fig. 21 b. The distribution of the steam is again different in the 
two cases. 

For further investigation we will make use of the following 
notation ; — The amount of the occentricitiea D = D, = r; the 
angular advances (both taken as equal) DOY = DjOY, = 8; the 
length of the eccentric -rods D C = D, Ci = Z. (If the link is as 
in Fig. 6, PI. II., the length is to be measured to K.) The half- 
length of the link, measured from the dead point J to the connecting 
points of the rods C and Ci = c. (In the link Fig. 6, PI. n., K J is 
to he put equal Ki J = c.) The distance of the slide-block M from 
the middle of link J, which ie variable according to the position of 
the link, and which may be positive or negative, = «. Finally, let 
the length MB of the valve-spindles measured from the centre B 
of the slide-valve = Ij. 



Theokt op Stephenson's Link-motion. 
(a), Ddermination of the Movemml of the Slide-valve. 

The chief object of the theoretical investigation is to find the 
relation between the angular movement w of the axle or of the crank, 
measured from the dead point, and the movement of the valve f, 
i. e. its distance from its centre of motion at any position of the link, 
or any value of «. We shall first carry out the investigation for a 
link-motion with open rods and equal angles of advance, and from the 
results obtained it is easy to determine the relations for crossed rods 
and unequal angles of advance. 

We must first calculate, for certain corresponding values of a 
and u, the inclination a of the chord of the link towards a line pei^ 
pendicular to the centre line X (Fig. 22). For this purpose we pat 
approximately the length of the chord of the link C C, equal to the 
length of the arc, therefore = 2 c, which is allowable, as the radius 
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for the curve of the link is always very lai^e. Id the same way we 
pat the distacce of the point Mi in the chord from the centre of the 
chord J' equal to u, i. e. = J M. If the crank ie on the dead point, for 
instance occnpies the position O Ro (0 Z representing the direction 
. of the centre line of the steam cylinder), the different parts of the 
mechanism take the positions shown in Fig. 22 by the fine lines. 




If the crank is now tamed through an angle a, the eccentric, the 
eccentric-rods, and the link will take the positions shown by the 
thick lines. The connecting point M of the valve-stem will not 
leave the line O B if the hanger is taken sufficiently long, because 
the latter (for a given position of the reversing-lever) during the 
turning of the axle, will keep the liuk at a constant height, at least 
approximately. 

Let us now drop upon O B from the points G and C„ the perpen- 
dicolars C F and Cj Fi, and also upon B from the points T> and Di, 
the perpendionlars D N and D, Ni, and first determine the angle 
FCC, = PiC,C = a. 

Then 

FF. _ OF -O F. - 

We now find the value 
0F = 0N + NF = ON + VdO'-{CF -DN)' 

= r Bin (8 + *,) -I- VP - [(c - w) cos a - r cos (8 T^)]", 

or approximately, if for the small angle a we assume cos a = 1, and 
develop the quantity under the radical into a series (by the binomial 
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theorem), neglecting in the denominators all powers of I higher than 
the first, we have 

OP = r8m(8+ 0,) + ^- ^^ +^y" -^j 

. (c — tt) r COS (8 + w) r* cos* (8 + w) ,- ^v 

+ —I 2 1 ' ^ ^ 

and next, in the same manner, 

or, substituting our notation, 

OFj = r sin (8 - Ü)) + V? - [(c + «) cos a - r cos (8 - w)]«, 
which gives approximately 

(c + tt) r COS (8 — 0)) r* cos* (8 — w) 
+ 1 21 

If the two values of F and Fi are substituted in the equation 

OF — OF 

sin a = ^ ^ we get, after su£Scient reduction, 

Z c 

sin a = - cos sin w — -r sin o sm o) =- cos o cos o) 

9 

+ } + ^l [cos» (8 - ü>) - cos» (8 + 0))]. (16) 

By this formula the inclination a of the link to the vertical line 
Ci Fl may be calculated for any value of o) and u. 

Later on we shall be obliged to calculate this inclination a under 
the supposition that the dead point of the link fieJls on the line 
X ; then therefore « = 0, and for this case equation (16) gives at 
once 

sin a = - cos 8 sin a> — -= sin 8 sin w 
c I 

+ J— [cos» (8 - 0)) - COS» (8 + «)]. (17) 
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After these preparations it will be easy to calculate the distance 
of the valve centre B from the centre of the axle. According to 
the figure 

OB=:OMi + MiM + MB = OF-MiF + MM +MB. 

The value of F is known according to equation (15) ; next 

Ml F = (c - w) sin a, M B = Zi, and M M, = ^ - ^,* if we 

2 p 2 p 

suppose that the link is curved to any radius p. We get thus 
O B = F - (c - tt) sin a + ^ + ^i- 

Substituting in this equation the value of O F and that for sin a 
given by equation (16), we get, after sufficient reduction, 



.2 ..8 



O B = r ( sin 8 H =— cos 8 ) cos w H cos 8 sin w 

\ cl / c 

- j^ [(c + tt) cos' (8 + 0)) + {e-u) COB» (8 - o))]. (18) 

If the link-motion is to be a correct one, the valve must, for 
any value of u (i. e. at all positions of the reversing-lever), swing 
symmetrically to each side of a certain point X, the position of 
which is next to be ascertained. 

We again start with the supposition that the valve is to be 
adjusted so as to give equal lead, in the manner explained on 
pp. 13 and 49 for the simple valve-gear. 

We will first suppose the crank to be at one of its dead points, 

♦ [If we suppose the circle, of which the Unk-aro is a part, to he completed, and sup- 
pose M Ml to be prolonged tiU it intersects this circle, we shall have two chords inter- 
secting each other at M ; now, according to a weU-known proposition in geometry, the 
products of the segments of the chords are equal, hence we have, approximately, 

M Ml X 2p = (c - m) (c + m). —Ed.] 
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say o) = ; then the distance of the valve centre of the axle will be, 
according to equation (18), 



B, = r Tsin 8 + ^ cos S\ 



If the crank stands at the second dead point, then to = 180°, and the 
same equation (18) gives 



OBs = - r (^sin 8 H j^ cos 8^ 



But the centre of oscillation X must be midway between B2 and 
B3, and its distance from the centre of the axle is therefore 



0X = 



OB, +OB3 



or substituting the values above given, 

OX = / + Z, - ^^oo8«8 +(c« - w')^2T^. (19) 

In this equation u still appears, i. e. the centre of motion X is 
not fixed, but alters its position with the movement of the link ; and 
this is not admissible. If the link-motion, therefore, is to fulfil all 
conditions, the last quantity must be niZ, which is the case if 

P = l. 

Hence follows the important rule: — In Stephenson's valve-gear the 
link must always he curved to an arc whose radius p is equal to the 
length I of the eccentric-rods. 

Under this supposition, the distance of the centre of motion from 
the centre of the axle is, according to equation (19), 

OX=Z + i.- — COS'S, (20) 

i. e. exactly as in the simple valve-motion (p. 13). 
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Further, the distance of the valve centre B from the centre of 
the axle for the angle od is, according to equation (18), 

• f9 ^^ «•" \ f£ t* 

OB = rf sin 8H =— cos 8) cos wH cos8sina) + Z + ^ 

\ cl J c 

[(c + u) cos« (8 + Ü)) + (c - tt) cos* (8 - <«))]; (21) 



4:Cl 

and finally the movement f of the valve from its central position 

f =OB-OX, 

or, substituting the above values and reducing, 

(n*) g = r f sin 8 -I =— cos 8 j cos w H cos 8 sin a> 

Or calling 

r (^sin 8 + ^-^' cos s) = A, (22) 



'- cos 8 = B, (23) 

c 

I 

^ [cos 2 8 sin 0) + - sin 2 8 COS (Dj sin w = F, (24) 



we get 

(IP) ^ = A cos 0) + B sin 0) + F, 

an equation of exactly the same form as that found for the simple 
valve-motion, only that the factors A, B, and F represent diflferent 
values. The value of F given by equation (24) is again the 
" missing quantity," and must be exceedingly small if the centre of 
motion is not to be variable during the turning of the crank. As in 
well-constructed link-motions I is always large in proportion to r, the 
quantity has no great influence, and we may therefore put 

(n°) ( - r (sin 8 -\ y— cos 8 j cos w + — cos 8 sin cd. 

From the formulas given above, we can at once obtain, without 
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further calculatiouB, the formulas for the movement of the valve in the 
case of StephensorCs lint-motion with erosaed eccentric-roda (Fig. 23), 
as, for reasons easily to be understood,' we have only to take, in all 




the formulas, the value of c as negative. We thus get for the move- 
ment of the valve with crossed eccentric-rods 

(H') i - r (sin S j— cos 81 cos <ii oos fi sin u 



-U' 



cos ü Ö sm <u — - sin ii Ö cos 1Ü I sm 



Neglecting the " missing quantity " and combining the equations 
of the two kinds of link-motions, we get 

(II) £ = *■ (sin S ± r— cos S j oca tti ± — cos S sin u, 

the upper sign referring to open, and the lower one to crossed rods. 



(6). The Curve of Centres. 
The equation obtained for the movement of the valve has again 
the form 

f = Aeosu,±Bsinü>, 

and the movements of the valve are therefore given, as shown on 

* (Wecanpaaf[&omthecegeofo|>enrade(FiK.22}, to thatofensB0drodi(PiK. 23), 
by imsgiaing the joiute C nud 0, (Fig. 22) to appioaoh encli othei till the; meet at the 
oentre J of the link, and then to continoe their motioD past this oentra tiU they asmme 
the positions shown in Fig. 23. In doing this the haU-Iength e of the link gradually 
ohangea &om a plus value to zero, and then to a mimiB value, nhich last «neapondB to 
the ease of crowed lads.— E^.] 
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pp. 16 and 23, by chords of a cirde, whose centre has the co-ordinates 
(Fig. 2, PI. I.) : 

and 

BC = 6 = ? = ^cos8. 
2 2 c 

But the above yalues of a and b are dependent upon u^ i. e. upon 
the position of the link, hence there is a special yalve circle corre- 
sponding to each position of the link. The centres of all these circles 
will be in a certain curre, and this curve we shall call the curve 
of centres. In Figs. 8 and 10, PL II., the different centres are 
marked Co, Ci, C2, &c., &c., the first figure being for open, and the 
second for crossed rods ; and it will be seen that in the first case the 
concave side, and in the second case the convex side of the curve is 
turned towards the point 0. 

The co-ordinates for any point C3 of the curves of centres, 
estimated from O as an origin, are (Fig. 8, PL II.), for open rods, 

O B, = ^ (sin 8 + "^^ cos sV 

u r 
Bs Cs = Q- cos ^- 

Sepresenting the abscissa estimated from the point Co by x, we 

have 

» = OCo-OB„ 

and since w = for Co, we get 

O Co = ^ (sin 8 + ^ cos 8 V 
and therefore 



rtt' 



X = 2^ — . cos 8. 

Kepresenting the ordinate B3 C3 by y, we find from y = ^ cos 8 

the value for u, and substitute it in the equation for x ; thus we obtain 

- 2 r cos 8 ,^^- 



76 



REVERSING-MOTIONS. 



IS 



The curve of centres is, therefore, a parabola, whose parameter 
, and the distance between its vertex Go and the centre of 



2c 
the axle is 



Co = ^ (sin 8 + ^ cos sV 



The same equation is obtained in a similar manner for crossed 
rods, but the distance between the vertex and the centre O is 



^ f sin 8 — y cos 8 j; 



Fig. 24. 



and the convex side of the curve is turned towards O (Fig, 10, 
PI. IL). 

(c). The Suspension of t1ie Linh. 

In establishing the formula for the movement of the valve, we 
suppose the point M of the link, from which the valve-stem receives 
its motion, to move backwards and forwards exactly in a straight line 

OB (Fig. 24). In reality 
this is not the case ; the 
link always moves a little 
up and down during the 
turning of the axle, be- 
cause one of its points is 
fastened to a hanger, 
^ which moves round a 
fixed point E. The 
point of suspension J, 
therefore, moves back- 
wards and forwards in an 
arc, and as the sliding-block consequently moves a little back 
and forth in the link, this irregularity will finally be transferred to 
the valve. As these irregularities may be made very great by an 
incorrect mode of suspension, it is one of the most important 
subjects of the theoretical investigation to determine the manner in 
which the suspension should be carried out, in order that its influence 
upon the movement of the valve may be as small as possible. 
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Two different syetema of Buspending the link are generally found 
in practice ; the hanger is either fastened to the lower end Ci of the 
link, or to its centre. The upper point E of the hanger always moves 
in an arc, whose centre K is fixed. The problem is now to ascertain 
the different poeitiona of the end E of the hanger for different positions 
of tlie lint, under the supposition that the link moves up and down 
as little as possible ; this condition will be fulfilled if, under all 
circumstances, the point of connection of the link with the hanger 
moves backwards and forwards in an arc whose chord is parallel to 
the centre line B of the stroke. 

We shall örst suppose the link to be suspended by its centre. 

Let us assume the point of suspension J at the centre of the chord 
C C„ which corresponds best with the mode of suspension practically 
followed, and endeavour to ascertain the horizontal motion of this 
point J, under the supposition that any point M of the link moves 
backwards and forwards in the direction of the stroke B, and at a 
distance w from the dead point. Let be the point at which the 
co-ordinates commence, we have then to find the abscissa P of the 
point J. 

It is 

O P = r - F P, (26) 

but according to equation (15) we have 



OF = r 



8 + «,) + i - 



,+ -r- 



rr 



r(c-«)cos(S+,.) 



(27) 



if we neglect the small quantity 

r' cos' (S -I 



and next we have, according to Fig. 24, 

F P = c sin Q, 

where a is the angle which the link chord makes with a vertical 
line. But the value of sin a is given by equation (16), and if we 
neglect the term which contains i — -. as a factor, we get 



B S Bin (Ü — 



■ —r CM S cos OJ -f- 
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therefore 

F P = c sin a = r (cos S — ^ sin 8 ) sin <o — 

Applying to equation (26) this value, m 
F from equation (27), we get, after a few 

c^ + u« 



, JK = : 

J ^.1 



OP = Z- 



21 



+ r (tiinS + J cos 8 ) 



The abscissa P of the point of su 
by this equation for any position of tl 
of u and for any angular movement f 

For 0) = 0, follows the abscissa 



Ulis of the parabj'a 



Z- 



"~2T" 



+ r( 



For 0) = 180^, however, the 

C^ + tt* 



Z- 



2Z 



The arithmetical mean 
X = aj, which correspond^ 
and is equal to 



But this simple ccjn 
of the upper point of .;« 
the link. 

Eepresenting thr- 
X E = y of the su^j. 

or 

But the ani». 

■ 

once assume co r. 

The two e 
correc* 



:..: parameter 2 7 of the 

zj": of the parabola may 

• . :ii r. for the radius of the 

'..;: :':.e point of suspension 

* -...f.:^ U equal to the length 
.. -f same height above the 

••• 

".•.«?:tion Ki for the centre 

; 0. at the distance L 

r. — ake Ki L = 27 > and 

- 'S" E. EEi, this arc will 
.- .iL:: :: susj-ension E of the 

.1. jt: :«:£.\s:r:ot:ons that obtain 

v 2..X. .^ :::f :hcd of suspending 

*-.' 'i'C C- r :^. 25) of the link 



^:--v>iZi:ci? is i:i the former case, 

^ . .^, . :a:.:ü: :f :lf ivint Cj for any 

...- 1- 1 -»iZ"::^ ::ri2:ula for its 
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■*^-. 



I J, and from the figure we sea 



rißd from equation (28), 
1 j;Bin Ü. - 2 Y COB S COB « + 2 

Fig. 25. 




H!6 follows, after substitution and reduction. 



-^^.^[...c- 



.) + ■ 



8-.)]. (34) 



Tiie abscissa P of the lower end Ci of the link may therefore 
be calculated from this -equation for any position of the link, i. c. for 
any ralne of « and for any angular movement a. 

For &) = 0, the value of the abscissa is 



iO° the abscissa is 



+ - 
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Bubatituting in equation (30) the greatest values of m, which we will 
represent by + Ci and — Oj, for instance in Fig. 7, PI. II., J K = e,. 
(In ttie link Fig. 6, PI. II., « may even become equal to c.) 
We thus get the abscissa belonging to both points 



X. = z 



^ + c 



or if we estimate the abscissa from E,, upon the BJtia of the parabola 

E,Q, =OS„-OX, = 1^^. 

The ordinales Q, E, and Qi Ej are c, and — c,. 

As n-j is always a small quantity, and the parameter 2 ? of the 

parabola Ei Eg Ej is always very great, the arc of the parabola may- 
be replaced by an arc of a circle of the radius I, for the radius of the 
vertex of a parabola is equal to the half parameter. 

We obtain thus the peculiar result : that the point of suspension 
E is tohe moved tn an arc of a cirde whose radivs is equal to the length 
qf the eccentric-rod, and whose centre is at the same height above the 
centre line of stroke O B as the point E». 

In order, therefore, to obtain the true position Ei for the centre 
of the arm K E, we draw (Fig. 24) above 0, at the distance L 

= E J = ?2, the line K, Ej, parallel to B, make K, L = 0-7 1 and 
describe with the radius KiE = ? the arc EjEoEi, this arc will 
then be the true curve, in which the point of suspension E of the 
hanger E J ought to move. 

Before we compare the above with the constructions that obtain 
in practice, we will examine another common method of suspending, 
the link, namely that in which the lower end C, (Fig, 25) of the link 
is connected with the hanger. 

We start here with the same suppositions as in the former case, 
examining here also the horizontal movement of the point d for any 
position of the link, and thus setting up a general formula for its 
abscissa P. 
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According to Kg. 25 this is 

0P = OP-FP. 

OF ia known from eqoatioD (27), and from the figare we aee 
that 

FP = 2cain d, 

or nsing the valae of »» a obtained from eqoatioD (28), 

P P = 2 r (co8 8 - J sin sYmn »-2y<x»8oo»» + 2^. 
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Hence follows, after sabetitiition and reduction, 
OF = I-^^+rrBin(8-<-)+^cos(S-,ü)]. (84) 

The abscissa P of the lower end C| of the link maj therefore 
be calcnlated from this -equation for any position of the link, L e. for 
any valne of u and for any angular movement ta. 

For Q> = 0, the valne of the abscissa is 





i-^^^' + r[«»8 + 


0) = 


= 180° the abscissa is 




-<4f'-.[.inS. 
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The arithmetical mean of these two quantities gives tl^ abscissa 
X = flj, which corresponds to the central posäion of the point Ci ; 
this mean is 

OX = a;=Z-^-^^*. (35) 

But this is at the same time the abscissa of the tipper point of 

suspension E, for the hanger E Ci has to hang vertically, when Ci 

passes through its centre of motion. The corresponding ordinate y 

is then 

X E = y = E Ci - Ci P, 

or 

y = Zj — (c 4" w) COS a. 

But as a is nearly always very small, we may again put 
approximately cos a = 1, and then get 

y = ?a - (c + tt). (36) 

The combination of the two equations (35) and (86), by eliminating 
(e + u), gives at once the equation of the curve E E« Ej through 
which the point of suspension is to be moved when this method of 
suspending the link is adopted. We now have 

(h - y)^ = 2 Z (Z - x), (37) 

and this is again the equation of a parabola whose parameter is 2 I, 
but whose vertex measured from has Xi = Z as abscissa and Za as 
ordinate. It is therefore very easily found by construction. 

If the link can be raised so high that the point Ci coincides with 
the line of the stroke, then w = — c, and the equations (35) and (36) 
then give the co-ordinates of the point of suspension Ei : 

OX, = Z 

and 

X, El = Zj, 

i.e. the co-ordinates of the vertex of the parabola. The highest 
position El of the point of suspension corresponds therefore, in this 
second method of suspending the link, with the vertex of the 
parabola, and the curve in which the suspending point E has to 
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move forms only one branch of the parabola, while in the first method 
of suspension the point E has to be moved through both branches. 

Again, estimating the co-ordinates of the point E from the vertex 
El, and representing the abscissa Ej Q by v, the ordinate Q E by », 
the equation (37) may be written as follows : 

2* = 2 Z i;, (38) 

for V is equal to Z — a?, and z equal to Za — y. 

Taking also here Ci and — Ci as the greatest values of u, we get 
the co-ordinates of the point of suspension measured from Ei : — 

For the highest position of the link : 

For the dead point : 



27' 



Vq — :^— ;, I Z(\ — C» 



For the lowest position of the link : 

(c + c,f 
Vi = — y^ — ; 2?, = c 4-Ci. 

The total horizontal motion of the point of suspension E is thus 
equal to Vi — 1^2 = — 7— \ when the link is moved from the highest 

to the lowest position. 

We may also here substitute for the arc of the parabola Ei E an 
arc of a circle whose radius is equal to the half parameter^ or equal 
to the length of the eccentric-rody but whose centre Ki lies at the same 
height above the centre line of the. motion as that position of the 
point of suspension Ei which corresponds with the highest, and not 
with the central position of the link. The true centre Ki lies in this 
case exactly above the centre O of the axle (Fig. 25). 

Comparing the result of this theoretical investigation, viz. that 
the upper point of suspension of the hanger should move in a 
circular arc whose radius is equal to the length of the eccentric-rod, 
with the proportions adopted in practice, we find that this radius 
is generally much smaller (K E in Fig. 5, PI. II.). This explains 

G 2 
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r 



why, in some locomotive link-motions, the link in certain positions 
moves np and down in such a manner that for these positions 
there can be no regular movement of the valve and distri- 
bution of the Bteam. The above rule could be applied in many 
cases by moving the point of suspension E either in a corresponding 
guide, or by really suspending the link from the end of a lever of 
the length I, this lever being raised or lowered by the bell-crank 
lever E K F ; but in most cases circumstanceB prevent the radius of 
the arc from being made as long as the eccentric -rod, Therefore, in 
designing the valve-gear, the points Ej, Eo, and E^ must be shifted 
parallel to the direction B of the stroke, till the radius of the 
circle which passes tbiough these points has the practicable length ; 
but it is always desirable to previously fix the right position irf 
these points, and to make the lifting-arni K E of the bell-crank 
lever E K F (Fig. 5, PI. II.) and the hanger as long as circumstances 
will possibly allow. 

In some engines we find the bell-crank lever below the link ; 
this case the above investigations are also applicable. 

Practical Application of the Diageam. 

In the description of Sleph.enson's link-motion, upon p. 68, the 
manner in which the different dimensions were to be understood 
and designated was duly stated, and only with regard to the value 
of u is it now necessary to make a few remarks ; m expresses the 
distance between the dead point J and that point M of the link 
(Fig. 5, PI. II.) which gives motion to the valve. Of course this 
value differs according to the position of the hand-lever : it is 
positive in the following formula when M lies above J, but negative 
when the link is raised so far that the point M lies below J. If the 
link is raised or lowered to the utmost, u has the greatest value, 
which we call Ci ; this is the case in the link shown in Fig. 7, 
PI. II., where JK = JK, = c,, e, being less than c; but in the 
link Fig. 6, PI. II., 3 M = e, = c. The length J K or J Ki may 
now be divided into a number of equal parts, which are numbered 
above and below the dead point J, and we may say the slide-block 
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is in the 1st, 2nd, 3rd . . . grade fore-gear or back-gear. In 
practice, these grades are not marked upon the link, but upon the 
arc QR (Fig. 5, PI. II.), where each notch corresponds with a 
certain grade.* If Ci iß divided into n parts, and if the link is in 

the mth grade, then 

m 

U =: - . Ci. 

n 

The theoretical investigation gave for the movement of the valve 
^ in Stephenson's link-motion 

((j "^ lit \ t* ft 

sin 8 ± =— cos 8 j cos Ü) ± — cos 8 sin w, (39) 

where the upper sign refers to open and the lower one to crossed 
rods. 

Placing 

r (sin 8 ± =-- cos 8] = A, 



r - cos 8 = B, 
c 



we may write more simply 

i = A cos Ü) 4" B sin w. (40) 

For a given position of the link, therefore, t« is a known quantity ; 
and if the other dimensions are also known, the two values of A andB 
can be calculated. Now laying oflf from O on the centre line X Xi 

(Fig. 2, PI. I.) the two values OB=OBi = ^A = a, drawing 

the perpendiculars B C and Bi Ci = -^ B = 6, and describing from 

C and Ci circles with the radii C O and Ci Oi, we get, as theory 
has shown, the valve circles ; these, as in the simple valve-motion, 
folly explain the movements of the valve and the distribution of the 
steam when we describe from O, with the outside and inside lap as 
radii, the circles VV2 and WWa. The upper circle is for the 

♦ See footnote, p. 66. 
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forward stroke, the lower one for the return stroke. As the pro- 
portions are the same for both strokes, we need examine the upper 
circle only. 

The valve circle thus obtained gives the distribution of the steam 
for the assumed position of the link, i. e. for the one grade only ; a 

special circle belongs to each grade, for which the co-ordinates q A 

and jr B of the centre are calculated in the same manner. The 

designer has only to substitute the known dimensions and the corre- 
sponding value of u in the above equations. 

If the link is raised so far that its dead point lies above the 
centre line of the motion, negative values of u must be substituted in 
the formulas, and the circles take the position shown in Fig. 4, for 

5 B becomes negative, and thereby indicates that the crank moves in 

the opposite direction; the engine therefore runs the other way. 
The distribution of the steam is in this case exactly the same as 
during the forward stroke, consequently it is only necessary to ex- 
amine the latter. Therefore, only draw the upper valve circle, and 
suppose the imaginary crank to turn from O X (Fig. 2, PI. I.) in the 
direction of the arrow.* 

The manner in which, after the valve circles are drawn, the 
distribution of the steam can be ascertained from the points of 
intersection has been stated fully in explaining Fig, 2, PI. I., on 
p. 23, and need not be repeated; we will now illustrate by 
examples the peculiarities of this link-motion. 

We shall first examine a link-motion with open eceentrie-rods and 
equal angles of advance, and at once assume particular values for the 
dimensions. 

Problem, — Let the eccentricity of each eccentric be r = 0*060" 
(2 • 36"), the angles of advance 8 = 30°, the length of the eccentric- 
rods I = 1-400" (55 -r), and the half-length of the link c = O'lSO" 
(5 • 9"). Let the link have four grades of expansion for the fore-gear, 
and four for the bapk-gear, and let it be capable of being raised or 

* See footnote, p. 23. 
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lowered so far that u becomes equal to c ; and let the link be of the 
form represented in Fig. 6, PI. 11. 

Let the outside lap be e = 0'024"* ('94"), and the inside lap 

i= 0-007" (-27"). 

All questions, relating either to the various grades of expansion 
or to the dead point, are to be answered. 

According to the above, the valve circles for the four grades 
of exptmsion are first to be determined; the co-ordinates of their 
centres for open eccentric-rods are to be calculated according to the 
formulas 

and 

= - — cos 0. 
2 c 

For the 4th grade of expansion u = c, and then according to 
the above formulas, 



and 



B4 = ^ r sin 8 



B4 C, = 5 r cos 8 (Fig. 8, PI. II.), 



i.e. the movement of the valve takes place exactly as if the link were 
not there, and as if the forward eccentric only acted upon the valve, 
for the co-ordinates are the same as those obtained for the simple 
valve-motion. 

We therefore find, in Fig. 8, PI. IL, the centre O4 of the valve 
circle for the fourth grade of expansion, by laying oflf 

OB4=5rsin8 = i. 0-06 . sin 30° = 0-015» (0-59") 
2 2 

and 

B4C4 = ^ r cos 8 = 5 . 0-06 . cos 30° = 0-026"» (1-02"), 
2 2 

or by making the angle ¥00«= 30° and 0* = ^ »* = 003- 
(1 • 18"). The corresponding valve circle is marked IV. 
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3 

For the third grade of expansion u = -c, and substituting this 

value as well as the other known values in the above equations, we 
get the co-ordinates of the valve circle centre C3 : 

OBs = 0-0162" (0-64") 
and 

BsC8= 0-0195» (0-77"); 

2 

for the second grade u = jO, therefore the co-ordinates of the valve 

circle centre Ca are 

OB, = 0-0171« (0-67") 
and 

BaCa = 0-013"» (0-51"); 

for the first grade u = jc, the corresponding co-ordinates are 

OBi =0-0176» (0-69") 
and 

BiCi= 0-0065»;(0-26"); 
finally^ for the dead pomt u = 0; hence 

Bo = I r ('sin 8 4- ^^|L?^ = 0-0178« (0-70") 

and 

Bo Co = 0, 

i. e. the centre of the valve circle for the dead point lies at Co or 
on the axis O X itself. Valve circles are now drawn from the 
centres Co, Ci, C2, C3, C4 with the radii Co 0, Cj O, Ca O, O3 0, C4 O, 
and these are designated in the figure by 0, 1., 11., IH, IV., accord- 
ing to the corresponding grades of expansion. If we describe from 
O a circle, with the radius V = e = - 240" equal to the outside 
lap, and another one with a radius equal to the inside lap W=: t 
= • 007™, all questions may be easily answered by means of the 
diagram. 

Let the crank be first on the dead point, that is, let the ideal 
crank be in the position E, and then suppose it turned in the 
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direction of the arrow through any angle E Rt = m, tl 
obtain the following table (see Fig. 8, PI. IL) : — 





Dwd 


Grade of Eipmulon. 




1 


3 


3 


4 


Xmimmt of the valva 

Port opening for exhanst 


OP, 
TP, 
WPj 


OP, 
VP, 
WP, 


OP, 
VP, 
WP, 


OP, 
VP. 
WP, 


OP. 
VP, 
WP, 



The required values are thus obtained full-size for all degrees of 
e3^>ansion. But the diagram also gives the following linear quantities, 
to which we have added the meaauremeots taken from the diagram 
for the present special case : — 







Or^rfi:,p.mion. 






1 


2 8 


i 


Outtide lead . . . . 
/««fclead .. .. 


v,po(o-on5) 

W, p. (0-0285) 


T.p, (o-ono) 

W.p, (0-0280) 


V,p,(0-oT{)0)VjP. (0-o"85) 
W,p,(0-0270) W,p,(0-0255) 


V,P,(0'M55> 
W,P,(0-0220) 




Op, (0-0355) 


Oß, (00375) 


Oc, (0-0130)Oc. (0-0510) 


Oc, (0-0595) 


Greateat port open- 1 


V.p, (0-0115) 


\c, (0-0135) 


i,C (0-0190)6,., {0-0270) 


b,c, (0-0355) 


QM»teat port open-' 

iag tor exhanat i 

Crank anglo -x^or-] 

greateet poiti 
opening .. . »^ 


W.J.. 


".c. 


a,c. 


".". 


B, c, 





XOc, 


XOo, 


XOc, 


XOc. 



Practical men generally attribute special importance to the 
amoimt of the outside and inside lead, i. e. to the openings of the 
port for the admission and release of steam when the crank is at 
the dead points. 

According to the above, V, p,, V, jjj, &c., give the lead for the 
4th, 3rd, &c., grade of expansion ; now, either from the above Table 
or from Fig, 8, PI. IL, it will be seen that the lead increases with 
the expansion, i.e. increases the nearer that point of the link which 
governs the valve approaches the dead point of the link. 

This peculiarity, which only appears in Slephenaon's link-motiou 
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with open rods, is well known in practice, and is very often regarded 
as a defect of Stephenson!' $ link-motion. 

In the present case the outside lead Vi p2 at the 2nd grade is 
twice as great as Vi p^, that at the 4th grade. The lead Vi po for the 
dead point is the greatest, and this point therefore gives the greatest 
port opening for admission at the commencement of the stroke. 

The reason for the variation of the lead is only to be found in the 
quantity, 

r— COS 0, 

C I 

contained in the formula for the abscissa a of the centre of the valve 
circle. The smaller this quantity, i. e. the shorter the link and the 
longer the eccentric-rod, the less variable is the lead. 

The greatest port opening for admission is a matter of importance ; 
let us suppose the width of the port to be 0'030"* (1-18"), then the 
fourth line of the above Table shows that the port is fully opened only 
when the link is way down, that is, at the 4th grade, and that the open- 
ing becomes smaller the more the link is raised, until finally, at the 
dead point, the port is at the most only opened one-third of its width. 

This narrowing of the port is a disadvantage, and this is the 
reason why very broad valves are employed in all link-motions. 

According to the diagram the port opening for the exhaust is only 
a little narrowed at the dead point, at all other grades of expansion 
it is fully opened when the valve is at the extremity of its stroke. 

But all questions relating to the principal positions of the crank 
for each grade of expansion are also answered by the diagram if we 
determine the points of intersection of each valve circle with the lap 
circles, and proceed as with the simple valve-motion in Fig. 2, PI. I. 

The upper part of the diagram is obtained in this manner. The 
vertical lines represent the chief positions of the piston for all degrees 
of expansion. Moreover, the mode of determining the position 
of the piston for the 2nd grade is shown by dotted b'nes. If the 
piston travels away from crank-shaffc, the admission of steam to 
cylinder end nearest crank-shaft ceases at a, and at this point expan- 
sion begins ; at h the exhaust from cyKnder end fartliest from crank- 
shaft ceases and compression begins ; at c the exhaust from cylinder 
end nearest crank-shaft begins ; and at d the admission of steam to 
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cylinder end farthesi from crank-shaft takes place." It will be at 
once seen from the flgnre, tliat the compression and the release of 
the steam, as well as its admission on the other side of tlie piston, 
begin sooner, the greater the expansion, i. e. the nearer the sliding- 
block is to the dead point of the link. 

A peculiar distribution of steam takes place at the dead point ; 
for the compression begins before the piston has travelled half of its 
stroke, and shortly afterwards the steam is released from the cylinder 
end nearest crank-shaft, provided the engine is running. The dead 
point of the link, therefore, produces a distribution so unsuitable 
that it is not able to effect a movement of the engine. Other 
peculiarities of the dead poiut may be easily found from the diagram 
by examining its valve circle 0. 

The cut-off and compression for any degree of expansion may 
also be ascertained from the upper part of Fig. 8, PI. II. Let us 
assume that the piston positions a, b, &c., have been determined with 
regard to the length of the connecting-rod in the manner previously 
explained, and not as is done on the Plate for want of space, by 
dropping upon H K perpendiculars from the chief poaitiona of the 
crank-pin ; then the required ratios may be very easily found. At 
a admission of steam ceases, therefore we have H a : H K the cut-off 
or ratio ofexpznsion. At h the compression of steam begins, because 
then the steam ceases to exhaust from cylinder end farthest from 
crank-shaft, therefore H b : H K is the ratio of compression. The 
stroke of the piston iu the diagram is H K = 1 decimetre (3 ■937"), 
and H a and H h expressed in decimetres at once give the required 
ratios ; the diagram gives for the present special case — 





»„,.,.. 




Gmdeof 








1 


2 


3 


i 


Cut-off or ratio! 

ofexpaoaioa / 
Eatio of com-i 

praiflion . . / 


O'les 

0-390 


0-335 
0'580 


0'535 
0'730 


0-S90 
0-S45 


0-SOO 
0-005 



■ [We suppose the engine placed aa in Fig. 5, PI. IL, and to have a right-banded 
rotation ; if ws view thia engine from the siile opposite to that ebown in Fig. 5, Fl. II. 
the acfaa] ditectioos of both crank and piston will ngree with those given in the diagram 
Fig. 8, PL U.— Ed.] 
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When the length of the connecting-rod is taken into account, 
these ratios will be slightly different for the forward and retam 
Btrokea of the piston. 

The author has made experiments on a model of the dimensions 
asBumed in the example, and the results obtained have completely 
corresponded with those of the diagram. 

The values which have been found for the outside lead are the 
only ones given here — - 





De»d Point. 


KuMb.rofü.G™ieofF^.n«™. 




I 


2 


S 


4 


Forward stroke 
Backward stroke 
Medium .. .. 


ll-5(0'45'') ll-0(0-43") 
n-5CO'15")|10-7(0-421"J 
ll'5(0-45")'l0-8(0-424") 


9-7 CO -38") 
9-5 {a- ZU") 
9-6(0'377") 


8-2 (0-32") 
7-4 (0-29") 
7-8{0-30") 


5-5C0-2I1'') 
5-7 CO -221") 

5' 6 (0-22") 



A comparison with the figures of the upper Table shows that there 
is almost perfect agreement ; the differences are only fractions of a 
millimetre. 

If we assumed crossed eccentric-rods in the aboye example, the 
centres of the Yalve circles for the higher degrees of expansions will 
fall in the same order upon the left-hand side of the ordinate B* O4, 
as shown in Fig. 10, PI. II. In this figure the same valve-gear 
dimensions were assumed as in Fig. 8, PI. II,, and the co-ordinates 
of the centres of the valve circles were calculated according to the 
formulas 




^l'(- 



cl 



for in the general formula (39), the lower sign is to 1 
crossed eccentric-roda. 

It wUi be at once seen from diagram Fig. 10, PI. II., that the 
fault in this arrangement is just the opposite of that previously 
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described, the lead, inside aa well as outside, decreasing, the higher 
the degree of expansion. According to Fig, 10, we have for the 

4th grade, tho lead V, y^ = 6-5""° (0-216") 
3rd „ „ \,j^ = 3-G'^ {0-1417") 

2nd „ „ V,y, = I'S""" (0-07") 

Ist „ „ V,p, = O-S™" (0-03") 

Dead point „ V,po = 0-4™ (0-01") 

i. e, the opening of the porta at the dead point takes place here only 
for a moment. This decrease of lead may become bo great, that no 
ontaide lead at all will be given when the ontside lap Vi is taken 
■quite large. The upper part of the diagram, which gives the chief 
positions of the piston for the various grades of expansion, shows that 
the distribution of the steam in the present case ia very different 
from that in the previous one. The most remarkable fact here is, 
that the position d of the piston is almost the same at all grades, 
i. e. that the pre-admission of the steam almost always takes place at 
the same point of the stroke. 

How, on the other hand, tiie different dimensions of a link-motion 
required to fulfil given conditions with regard fo the distribution of the 
steam may be determined need not be examined here, as the mode 
of proceeding, according to the above diagram, does not present any 
I'urther difficulties. (See remarks at the end of the first chapter.) 

The variation of the lead in Stephenson's link-motion is generally 
considered to have a disadvantageous influence upon the effect of the 
steam, and this is why practical men have endeavoured to invent 
link-motions in which the lead shall be constant or nearly constant 
for all grades of expansion. We shall examine such valve-gears 
more minutely hereafter, and shall now only describe tfie changes 
which have been introduced into Stephenson's link-motion in order to 
diminish the variation of the lead as much as possible. A method 
which has been lately applied very frequently is remarkable for its 
simplicity, viz. the eccentrics are simply fixed with different angles of 
advance. This arrangement attains its aim almost completely, i.e. 
by this means the lead Can be made nearly constant for the forward 
motion of the locomotive ; but experience shows that this improve- 
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ment takes place at the expense of tbe backward motion, i. e. that the 
lead for the back-gear is made by this arraogement so much worse, 
BO much more variable; this also our diagram shows at once. 
FhiHipa Srst carried out the calculation under the supposition that 
the angles of advance were variable, but he only came to the con- 
clnsion that in this manner a better expansion mtgJU he obtained; 
this is perfectly true, but it is of no great importance in practice, as 
er|ually good results can be obtained with equal angles of advance 
by a correct choice of dimensions. Bat the chief reason above 
stated for the application of different angles of advance is not 
mentioned at all by Phillips ; tbe other writers, Wetsbaeh, Zech, and 
Bedteniacher, moreover, speak only of the more simple case. 

Before beginning these investigations, we must remember that 
tbe angle of advance is that angle which the centre lines of the 
eccentrics D and Di form with the perpendicular OY let fall on 
line B of the stroke (Fig. 26), when the cranh ß occvpies the dead 
point, i. e. occupies the position R,,, when Z represents the centre 
line of the cylinder. At first open rods are assumed, as iu Fig. 26, 



FiQ. 26. 




In this case I) is the forward and Dj the back eccentric Now, 
iu order to get a less variable lead, the designers set back the crank 
R by a certain angle B O E' = o-, the crank taking some such 
position as O E', shown in the figure by a dotted line ; but this alters 
the quantities which we have called the angles of advance ; for if 
the new position E' of the crank passes through the dead point, 
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i. e. occupies the line Eo, then the eccentricity O D of the forward 
eccentric forms with the vertical line Y the angle 8 + a-, and the 
eccentricity O Di of the back eccentric the angle S — <r ; with this 
vertical the angles of advance are therefore different. But it will 
be at once seen, that such changing of the position of the crank 
does not at all alter the relative arrangement of the different parts of 
the valve gear, and therefore does not at all alter the movement of 
the valve ; the only change is in the relative positions of piston and 
valve. 

K we call E the imaginary crank, E' the actual one, and 
EOE = <r the angle through which the one must travel before it 
reaches the position of the other, then the diagram in Fig. 8, PI. II., 
which has been drawn for Stephenson's link-motion (open rods), will 
also be correct for the present case, as it relates only to the move- 
ments of the valve. But the distribution of the steam will be altered 
and will be different for the forward and return stroke; for this 
reason we have drawn Fig. 9, PI. IL, which gives the diagram for 
the return stroke. This diagram was constructed in accordance with 
preceding propositions, by drawing downwards, from the axis of 
abscissas O E, the ordinates for the centres of the valve circles. 
Eetuming to Fig. 8, PI. II., and, for equal angles of advance, 
assuming the crank at E or on its dead point, the openings of the 
steam-ports at this position of the crank for the different degrees 
have been shown to be Vi p^, Vi px, Vi p^y &c. Now, supposing the 
crank to have been turned through the angle E Ei, the diagram 
gives for the different grades the openings V Pq, V Pi, V Pa, (fee, for 
admission, belonging to the corresponding positions of the crank; 
in the two cases, therefore, the openings for the different grades of 
expansion are very different. A close examination of the diagram 
shows that between these two positions of the crank there is one at 
which these openings at the different grades differ least ; this is the 
position of the crank which is represented by the line O Eo and 
passes through 3^4, at which point the valve circle for the highest 
grade of expansion cuts the valve circle belonging to the dead point. 
Making therefore such an arrangement that the crank is on its 
dead point when it occupies the position Eq, the openings of the 
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Bteam-porta for all grades differ least, or in other words, the lead is 
least variable, when the cranh is on its dead potrU in the fosition O Ej, 
The actual crank must therefore/o?/öw behind the imaginary one a» 
mtteh as the angle R Ro = <t. The diagram Fig. 8, PI. 11., drawn 
to a larger scale for the sake of greater exactness, now gives the 
following values : — 

I. Lead with equal angles of advance. 
Forward and return stroke. 
Fig. 8, PI. U. 
4th grade of eipansion Vip, = S-S™" (0'216") 
3rd „ „ V,ft= 8-5™ {0-337") 

2iid „ „ V,p, = 10-&" (0-393") 

iBt „ „ V,p, = 110™{0-i3") 

Dead point .. .. V, |)„ = 11-5"°" 0-46"). 



II. Lead with vneq^ual angles of advance 

(tlie actual crank following behind the imaginary crank as mnch as 

the angle B R,). 

Forward Stroke. Kelorn Stroke. 

Fig. 8, PI. II. Fig. 9, PI. n. 

4tli grade of ezpaoBion Vo g, = 1 1 " 3°"° (0 ■ 44") V, g, = 

3rd „ „ Vog, = 12-3™(0-483") V,5, = 3-7— (0.148') 

2nd „ „ V.g» = 12 ■7-" {0-497") V, j, = 7-0™ (0-26") 

Ist ,. „ Vog, = 12-3"" (0-483") T^ g, = 9-6™ (0-36") 

Deodpoint .. .. V„g„ = ll-3'"°(0-44") V, g, = 11-4— (0-44"). 

It follows from this that with equal angles of advance the lead in- 
crease from the 4th grade to the dead point, as mnch as 6°™ (0 ■ 24:") ; 
but if the crank is set hack as much as the angle R Eg = «'i ^^ 
lead remains nearly constant for the forward stroke ; it is equal and 
also smallest for the dead point and the last grade, and lai^est at 
the 2nd grade; but the entire difference amounts to only 1-4"" 
(0-05). (It need not appear strange, that the lead above given is 
larger than is usual in practice, for in order to facilitate comparisons 
we preferred to retain the same data. Properly, the outside lap ought 
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] to have been taken a little larger with the altered position of the 
; om.k), 

»It will be seen, therefore, that the deaignera reach their aim with 
enrprising perfection, of course only for the forward motion ; but 
I, the variationä are so much more unfavourable for the backward 
I motion ; the lead decreases here from the dead point to the 4th 
grade &b much as 11 ■4"" (0'45"). Sometimes there will be no 
lead at all at the last grades, the admission of the steam beginning 
when the crank is pist its dead point. But all this ia only applicable 
to open eccentric-rods ; it will be a little difi'erent for crossed ones 
as will be shown later. 

The angle through which the crank in the case of open eccentric- 
rods must be set back, haa hitherto been found by experimenting 
on models, the eccentric being turned until it was ascertained at 
which positions of the eccentrics and the crank the leads varied 
least; but our diagram gives the corresponding positions instan- 
taneously and with mathematical precision. Before showing by 
means of an example how the aim ia beat reached, a few remarks 
may be made respecting tlie manner in which the distribution of 
the steam takes place. Taking again Fig. 8, PI. II., and ex- 
amining the distribution of the steam, say for the 2nd grade of 
expansion, we determine the points of intei'section of the valve circle 
with the lap circles. Assuming equal angles of advance, we know 
tliat V3 K gives the angle at which the crank stands before the 
dead point when the pre-admission of the steam begins. But with 
different angles of advance, the angle V3 Ro is larger than before 
by the angle E Bo = er. The admission of the steam, therefore, 
takes place earlier during the forward motion with different angles 
of advance than with equal angles of advance. In the case of the 
backward motion it is just the reverse; in this case we have (Fig. 9, 
, PI. II.) 

angle Vj E, less than angle V, B. 

The same is true of the beginning of the exhaust, for in Fig. 8 : — 

Wa R represents, with equal angles of advance, the angle at 

which the crank stands before the dead point when the exhaust 
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begins in the cylinder end farthest from crank-shaft. Now, during 
the forward motion and with the altered position of the crank, wa 
have 

Ws E, greater than Wo E, 

hat 4uriDg the backward motion 

W, Ko is leas than Wj E (Fig. 9). 

It may therefore be asserted, that the distribution of the steam, with 
respect to the beginning of the admission and exhaust, which results 
from altering the position of the craDk,is deierwraUd for the forward 
motion, and improved for the hackward motion, because a very early 
beginning of the admission and release is foimd to be disadvan- 
tageoua. But this disadvantage may be much redneed by suitably 
increasing the outside lap. 

O Vj (Fig. 8) shows the position of the crank at the beginning of 
the expansion. Kow as 

angle V, Ro is less than angle V» E, 

eipanaion will take place earlier during the forward motion when 
the angles of advance are different. But if the outside lap is also 
increased, as it ought to have been in the present case, then the 
expansion can begin still earlier. Therefore, other things being 
equal, different angles of advance give an earlier cut-off of the steam, 
and expansion will he more effectual than with equal angles of advance. 
It has already been stated that this is not an advantage of much 
importance. 

But for the backward motion just the opposite takes place, the 
cut-off of the steam beginning later for the same grade, because 

V, E„ is greater than Va E (Fig. 9). 




Finally, W, is the position of the crank at the beginning of 
the compression in cylinder end farthest from crank-shafL 

After what has preceded it is easy to see from the diagram that the 
compression of the steam for the same grade of expansion begins, with 
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different angles of advance, earlier daring the forward motion and laier 
during the backward motion, than with equal anglea. If compression 
were really so disadvantageous as is generally supposed, the distribu- 
tion of the steam for the forward motion would in this respeet be 
deteriorated instead of imjiroved by the adoptiou of different angles 
of advance ; the whole advantage would then ouly consist in having 
a lead which is constant for all grarles of expansion. Nevertheless 
designers now very often choose different angles of advance, and 
engine-drivers usually run the engines with a high grade of ex- 
pansion, raising or lowering the link very little for ordinary trains. 
All this shows that the effect of the steam, notwitlistanding the high 
compression, cannot be so unfavourable as is usually supposed. 
(See article by Bsideaux, Civil Ing., vol. iii. p. 43.) 

The manner of finding the angle through which, when open 
eccentric-rods are used, the crank has to be set back in order to 
make the lead as little variable as possible, baa already been ex- 
; but an example will show still more the advantages of the 



Proi^em.— A link-motion for locomotives, according to Stephenson's 
system, with open eccentric-rods, is to be constructed in such a 
manner that the lead for the forward motion shall vary as little as 
possible. The following data are given : — the eccentricity r = ■ 064°" 
(2 ■56"), length of the eccentric-rods Z = 1-560°' (60"), width of 
steam-ports a = 0-027'° (1-06"). Tlie lead for the highest grade 
is to be V = 5°"° (-ISö") ; the point K, at which the sliding-block 
stands at the last grade, b to be distant from the dead point as mucli 

as c, = I K = I c (Unk as in Fig. 7, PI. H.), the half-length of 

thelink = CI = c = 0-21'° (8-26"), and hence e, = - 14° (5 ■ 5"). 

Moreover let the valve-stem and piston-rod be parallel, and the 
centre lines of the two eccentrics form the angle D D, =^ ^^^h°' 
and let the inside lap be 

,■= 4-3'°-{-159"). 

Assuming four grades of expansion, there are to be determined 
the outside lap and the whole distribution of the steam for the 

H 2 
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forward motion, bat first of all the best position for the crank is to 
be aacertained. 

Solviion. — First assume a crank which bisects the angle D Di 
(Fig. 27). With regard to this 
crank, we have the angle 




TOD = 



Ifilj" 



= ur- 



Next calculate the eo-ordinatea 
of the centre of the valve circle for 
the last grade of expansion, by sub- 
stituting c, for M and 14i° for S in the known fonnulaa for open rods. 



^l'(- 



and thus get 



= 0-0102" (0-4"), 
= 0-0207" {0-79"). 



Now calculate the position of the centre of the valve circle for 
the dead point, by putting in the above formulas for w, then 

«„ = 0-0120'° (0-47"), 
and 

h = Q. 

Now make in Fig. 11, PI. III., B4 = a = • 0102, B, C« = 6 
= 0-0207, and Bo = «o = 0-0120 ; describe from C, and Bo the 
two valve circles ; these cross each other at Q. Now draw Q ; the 
angle QO X = R|,0E = (7 = 5'' is the angular distance at which the 
actual crank in the present valve-gear should follow the imaginary one. 
Therefore if we draw in Fig. 27, the line Ko so that it forms with 
R the angle a- = 5°, then Eo D - 0i = 90° -f- S -f- o- = 109J° is 
the angle which the crank must make with the centre line of the 
forward eccentric, and B„0 D, = ipi = 90° + S — a- = 99^° the angle 
which the crank mnst make with the back eccentric. 





APPLICATION OF THE DIAGRAM— STEPHENSON. 



As the cnuik is on its dead point when it is on the line X, the 
angle of advance of the forward ecceatrio is 



and of the back eccentric 

S, = 0, - 90° = 91°. 

The principal part of the problem ia therefore solved, and in a 
simpler manner than was to be expected when we consider the 
movement of the link, which has always been regarded as very com- 
plicated. The angle a could also have been obtained by calculation ; 
as the result of this calculation is extremely simple, we will now 
give it. 

The fonnala for the movement of the valve (with open rods) ia 



■ cos a J cos u) H — 



Now in Fig. 11, PI. III., OQ is nothing but the movement of 
the valve corresponding to the angular movement <r ; if wo, there- 
fore, substitute a for a, and at the same time, for the last grade, 
substitute c, for u, and for the dead point for m, then in one case 
we have 

Q = r (sin 8 + ^-^ cos S) COB .7 + ^ cos S Bin <r, 

and in the other case 

Q = r (sin 8 + -J COS S) cob o-, 

Equating both expressions for Q, we get, after raductioD, 



This simple expression shows that the angular distance of the 
actual crank behind the imaginary one depends only upon Ci and the 
length I of the eccentric-rod. The smaller c, and the larger I, the less 
the position of the crank has to be altered, and the more the values 
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of the two different angles of adyance approach each other. This is 
why eqaal angles of advance are still used in many Imk-motions ; for 
in these gears Ci is so small and I so large, that the changing of the 
position of the crank is not necessary, as the lead varies but very 
little, even with equal angles of advance. This is, for example, the 
case with the locomotive of the North-East Bailway of Switzerland, 
from which the dimensions of the preceding example were taken ; 
the outside lap only has been taken different, as the example was for 
different angles of advance, whilst in this locomotive equal angles of 
advance were used. It was shown above that the distribution of the 
steam is not much improved by altering the position of the crank, 
it would therefore be better in designing valve-gears, to make ^i as 
small as possible and to use long eccentric-rods, for the lead will then 
be less variabla If the engine does not allow of the use of long 
eccentric-rods, the employment of different angles of advance will 
always be an excellent way of equalizing the lead ; of course, this is 
at the expense of correctness during the backward motion of the 
engine. Moreover, if we substitute the values of Ci and I in the 

formula tan a = y , we get 

<r = 6° 8', 

the same as the value given by the diagram. But the formula has 
the great advantage, that a may be already determined when nothing 
else is known of a link-motion but the length of the eccentric-rods 
and the distance of the block from the dead point for the last grade 
of expansion. The formula gives at the same time a more simple 
way of determining the angle than the one given above. Construct 
a right-angled triangle with the sides Ci and I, then the angle opposite 
to the side Ci is the required one. 

Calculation and construction show also another peculiarity when 
the position of the crank is altered in the manner stated, which may 
be briefly mentioned here. If there are given an even number of 
grades of expansion, or, including the dead point, an uneven number, 
the point of intersection of two valve circles which are equally 
remote from the dead point and the fiärthest grade, will always fall 
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for the forward motion on the line Eo (Fig. 8, PL II.) ; thne, as 
an example, in the case of six grades of expansion, the lead is equal 
for the dead point and the sixth grade ; also equal for the first and 
fifth ; it is next largest for tlie second and fourth, and is greatest 
(but only with open rods) for the central one, and thus in this case 
for the third. (See Diagram, Fig. 8, and Table on p. 96.) 

Eetuming to the solution of the prohlem, we findj the condition 
that the lead for the last grade is to he v = ö""" ('195"). Therefore, 
Iftjiog off upon ßp. Fig. 11, PI. III., from Q towards 0, the value 
V, Q = V = ö"" (-196"), Va = 0-019- (-748") will at once give 
the required outside lap. Now describe from circles with OVo 
and the given inside lap Wn = 4 '3"°" ('169") as radii, then the 
whole distribution of the steam for the last grade is also known. 
Connecting the points of intersection Vg V* Wj W4 with 0, the 
principal positions of the crank are obtained; describe also from 
any circle which represents the crank-pin circle, draw Lq L| 
parallel to Bo En and make L, Lg = Bi Bo> then will Lg L, 
represent the stroke of the piston. The line V^ cuts the 
crank-pin circle at I13 ; dropping upon Lo Li the perpendicular 
B3 Ijsi we get 

Ea the position of the crank before the dead point, and L3 
the position of the piston before the end of the stroke, when the 
admission of the steam begins in cylinder end nearest the crank- 
shaft 

E, is the position of the crank and Lt that of the piston at the 
end of the admission of the steam, i.e. at the beginning of the 
expansion ; Lq L^ : Ld L^ is the ratio of expansion with the last 
grade. 

O Eg is the position of the crank before the dead point, and Lq Lj 
the distance of the piston from the end of its stroke, when the release 
of the steam begins in the cylinder end farthest from crank-shaft. 
Finally, Ka is the position of the crank and La is the position of 
the piston at the close of the exhaust from cylinder end farthest from 
crank-shaft, i. e. at the beginning of the compression ; L,, Lg : Lp L, 
is the ratio of compression. 

The principal positions for the other grades of expansion are 
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obtained in tlie same manner ; first, tbe co-ordinates of the centres 
of the valve circles are calculated according to the known method, 
next the points of intersections of the Talve circles with the lap circlea 
are determined, &c. 

If we wish to examine the distribution of the steam for the 
backward motion, whicli witli different angles of advance is different 
from tbat of the forward motion, we must construct a diagram lilie 
tiiat shown in Fig. 9, PI. II., and must suppose the crank to turn 
in the opposite direction, i. e. in the direction of the arrow. But it 
must not be forgotten that Ro represents the position of the crank 
at its dead point, and that all angles must be measured from that 
position ; with equal angles of advance, however, we estimate angles 
from the position K. 

We have expressly supposed, in the above example, that the 
centre line of the cylinder coincides with the direction of the valve- 
face ; but if that is not tbe case, and if, moreover, the two directions 
Z and Y (Fig. 28) 
form an angle X Z = a, 
we must proceed as follows : 
Construct the diagram 
for equal angles of advance, 
and draw, as in Fig. 28, 
the two eccentricities D 
and D), so that they form 
widi the line Y, which is vertical to the direction of the valve-face, 
equal angles 8. The position of the eccentricities is thus obtained 
for the moment when the crank passes through the dead point, 
i, e. occupies the position ß. 

But if we wish to employ different angles of advance in order to 
obtain as constant a lead as possible, the crank is set hack to B« 
as rauth as the angle a, an angle deduced either from the diagram 
or by calculation. 

It thus follows tbat the angle which the crank forms with the 
eccentricity of the forward eccentric is 

B„ D = *, ^ 
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and the angle wliicb tlie crank forms with the ecceLtricity of the 
back eccentric is 

Ro D, = <^, = 90" + 8 + o - tr, 

as will be at once seen from Fig, 28. Ent these formulas are only 
currect for Siephenson's valve-gear with open rods and when the valve- 
rod is moved directly by the link, as in Fig. 5, PI, II. But if the 
link acts upon a bell-crank lever, of which the arm connected with 
the sliding-block of the link has the length a, and the arm that 
moves the valve-rod the length b, then : Ist, the crank Ito (Fig, 28) 
must be reversed or set hack 180° ; and 2nd, in all formulas given 

above fur Stephenson's valve-motion, the factor - r must be substituted 
for the eccentricity r. 

If, finally, the i-ods are crossed, then in accordance with previous 
propositions, the positions of the centres of the valve circles must be 
calculated according to the formulas : 



,iA = |r(.i.8-?l^'coss), 



from which a diagram like Fig. 10, PI. II., is obtained. 

The angle through which the crank must be turned in order to 
get as constant a lead as possible, niay be obtained from the diagram 
in the same manner as in the valve-gear with open rods, but with the 
exception that the crank must in this case be set forwards the 
angular distance a, i. e, set towards the forward eccentric. 

The '* Missing Quantity" in tue Pormula fob Stephenson's 
Link-motion. 
Equations (I") and (II''), pp. 73 and 74, give for the movement 
of the valve the more exact expression 

( = r ("ain S ± ^^ 



: 5 j cos 



- COS 5 I 

Q 2 S COB (u ) sin w 
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The yalye only moves symmetrically to both sides of a fixed 
point when the third quantity, the so-called '^ missing quantity/' 
disappears, or, as it cannot ever disappear entirely, when it is as 
small as possible. But this last is always the case when the 
eccentric-rods are long and the eccentricities are small. In design- 
ing the link-motion, it is therefore of great importance to fulfil these 
conditions. The valve should always be set so that this '^ missing 
quantity *' influences the movement of the valve most at those 
positions of the crank at which a little difference from the results 
of the diagram has the least effect upon the admission or release of 
the steam ; this quantity has to be, therefore, especially small near 
the dead points, where the ports are opened least. The latter 
condition is fulfilled when the valve is set to give equal lead, i. e, 
set so that the ports are equally opened when the crank passes 
through one or the other dead point Our formulas are obtained 
under the last supposition, and the fact that the '^ missing quantity " 
disappears in the formula for the movement of the valve when 
Ö) = or 180°, and that the exact value for f is really obtained from 
the diagram, shows as a necessary consequence that the required 
condition has been fulfilled. As this is the case for all positions 
of the link, the result follows that setting or adjustment of the 
valve is only required for one grade of expansion ; if for this grade 
an equal lead is obtained, it will be equal on both sides of the valve 
for all the other positions of the link. It is of no practical use to 
further investigate the infiuence of this quantity. If it is, however, 
necessary to employ very short eccentric-rods,* then, to obtain exact 
information about the movement of the valve, it is best to construct 
curves instead of valve circles ; these curves are obtained by taking 
the " missing quantity " into account by substituting for <o in the 
above formulas (IP and II*, pp. 73 and 74) different values suc- 
cessively, and calculating f and laying it off from O upon the 
direction of the crank. If these points are connected, we obtain in 
place of the valve circles a looped curve, which gives in connection 
with the lap circles the chief positions of the crank, or the distribu- 

* In this case it is desirable that the laps, especially the inside one, be not taken too 
small, else the release will not take place witli sufficient regularity. 
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CHAPTER II. 
GflOCH's Link-motion. 



tion of the ateam ; the differences between these results and those of 
the circle diagram will then show whether the dimensions chosen 
for link-motion produce an admiesible distribution of the steam. 



^^^^r^ Desoription of the Valve-gear. 

Gooca'ß link-motion belongs to that class of motions with variable 

' expansion which has a constant lead for all grades of expansion. 
Fig. 12, PI. in., shows in general the arrangement of the different 
parts of this construction. The two eccentrics D and Di are fastened 
to the axle and govern the eccentric -rods B C and Bi Cj, which 
are connected at their ends with the link C C,. The link is also 
curved to a certain radius and has a slot formed in it, but its convex 
aide is turned towards the axle. The link cannot be raised or lowered, 
as in Stephenson's link-motion, but at the dead point J it is fastened 
to a link whii.-h swings about the fixed point L. The point J there- 
fore swings back aud forth in an arc during each revolution of ihe 
axle; but as the radius of this arc is always very large, we may 
suppose, without committing a great error, that the point J oscillates 
in the direction of the stroke. 

The sliding-block K, fastened to the radius-rod Bj K, can move up 
and down in the slot of the link, while the other end Bi is connected 
with the valve-slem, so that this point Bi moves in the direction of 
the valve stroke. The raising or lowering of the radius-rod is 
effected by the hanger ST, which is carried by a bell-crank lever 
that is moved by a hand-iever, in the same manner as in StepJtenson's 
link-motion. Pigs. 29 and 30 represent the different parts of the 
valve-gear by lines only ; the former is for open, the latter for crossed 
rods. In the following we designate Ihe different parts in the same 
manner as before : U = O D, = j- are the tccentricities, whieii here 
always form with the norma! line Y the equal angles of advance 
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y ODfl = YiOD", = S; thelengthoftheecceiitric-rodsDC = D,C," 
is agsin I ; the length of the radiue-rod E B, = 2, ; the length of tba | 
valye-stem measured to the centre of the valve is B, B = ?i ; the half*^ 
length of the link J C = J C, = o, and the variable distance of the | 
ulidiug-block from the dead point is J K := u. 




Theohy of Gooch'b Like-motion. 
(a). Determittation of the Valve Movement. 

The fine lines in Figs. 29 and 30 represent the positions of the ' 
different parts of the arrangement when the crank stands at one 
dead point, say in the direction Z ; if the crank is now turned from 
this position through the angle a, the different parts will then arrire 
at the positions represented by the heavy lines. 

Now the problem is to determine the distance f of the valTeJ 
from ite centre of motion for this angle u, and for any position of the I 
»lidiiig-bloek K or any value u. 
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We shall at first assume that open eccentric-rods are used 
(Fig. 29), and to begin with, shall assume the link CCi to be 
straight. 

The angle a, which the chord of the link forms with a line 
vertical to the stroke for any angular movement, has already been 
determined on p. 70, equation (17), under the supposition that the 
dead point J of the link oscillates in the line of the stroke, as is the 
case here. We found 

sin a =: - cos S sin cd — r sin S sin co 
c I 

+ J— [cos« (8 - Ö)) - cos« (8 + Ü))]. 

If we drop from the point C upon the direction of the stroke the 
perpendicular F, we have 

OF = ON + NF=ON + Vjdg«-(CF-DN)«, 

or according to the above notation, 

O F = r sin (8 + 0)) + VZ« - [c cos a - r cos (8 + w)]«. 

If we develop the expression under the radical into a series, 
neglect the quantities which have P in the denominator, and put 
cos a = 1, — for a has always a very small value, — then, 

O F = r sin (8 + 0)) + Z - ^ 



r c cos (8 + ft)) r« cos« (8 + m) . 



Now, the distance of the centre B of the valve from the centre 
of the axle is 

OB=:OM + MBi + BBi, 
or 

OB = OF-M'F-.MM' + MBi + BB^. 

OF is known from equation (41), and 

M' F = (c - tt) sin a, 
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where sin a is given by equation (17). MM'=KKi or, when the 
radius of the link=/>, 

^ li 

for Zi is always large in proportion to u. 

Finally BBi=Z2, and therefore, after substitution and reduction, 



OB = rfsin8 + TCos8]co8a)H f cos 8 — y sin 8 ) si 



sin CD 



+ l-^.-f.+ ^+h'i^+h 



21 2p^2p'^ 2Zi 
- T-", [(c + w) cos^ (8 + co) + (c - tt) cos^ (8 - w)]. (42) 

TC C If 



r« 



Now the valve has to move symmetrically backwards and forwards 
on both sides of a point X, whose distance from we must next 
determine ; we also assume that the valve is adjusted so as to give 
equal lead. 

If the crank stands at the one dead point, then a» = 0, and 
the distance of the centre of the valve from the centre of the axle 
will be 

Ba = r (sm 8 + ^ cos 8) + Z + Zi + «2 - I7 - |- 

M* u^ r^ 

For the second dead point, or for co = 180° we get 

O B3 = - r (^sin 8 + ^ cos 8^ + Z + Zi + Z2 - ^^ - 1" 



u^ u^ r* 



+ 27-21; -2-1*^'^- 

The arithmetical mean of tbe two values gives the distance of 
the centre of motion X from the centre of the axle : — 

0X = l + k + l.-ftCOBH-^^{l + p)+^<ip-l,). (43) 
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The centre of motion has to remain unaltered for all grades of 
expansion, i. e. for all values of u ; but according to equation (43) 
that will only be the case when the last term, which contains Uy is 
nil. This condition can and must be fulfilled in this valve-gear, for 
it is only necessary to make 

i.e. the link of OoocVs link-motion should always he curved to an arc 
whose radius is equal to the length I of the radium rod. 
Equation (43) then gives 

OX = l + l, + k--^—^l^il + ky (44) 

Finally, the movement of the valve from its central position or 
the movement f for the angular movement a> and for the grade of 
expansion u, is 

^ = OB-OX; 

or using equations (42) and (44), under the supposition thatZi=/9, 
and reducing, we get 



(III*) J = r (sin 8 + jCos8jcos<üH f cos 8 — = sin 8 j si 



Bin (i> 



+ ^ (cos 28 sin Ü) +-8in28 cos wj sin w. 



If, however, crossed rods (Fig. 30) are assumed, we must substitute 
negative values of c in the above formula, and at once get for this 
case 



(HP) J = r (sin 8 - = cos Sj cos w (cob 8 + ^ sin 8) si 



sin CD 



+ qT {^^ 2 ^ "^^ ^ ^^^ 2 ^ ^s *^) si^ ®« 



As I is always large in proportion to r, and as in both formulas 
the third quantity, '^the missing quantity," in consequence of the 
assumed manner of adjusting the valve, is greatest at those points 
where it influences the distribution of the steam least, this quantity 
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may be n^lected in both cases, and we get for tbe moTement of the 
valve for open and crossed ecceotric-rodB 

(in) t = r^Bin8 ± | oo« 8^ oos <o ± — (oob8+ ^sinS^Bm». 

j Again abbreviating, we bare 

r(6inS + ^oofl8) = A. (45) 

y (cob S + ^ sin S) = B, , (46) 

and then 

^ = A COB ü> ± B sin ^ (47) 

The law of the valve movement is therefore the same as that 
already found for the simple valve^ear and Siephmton'» link-motioa 

(b). The Ourve of Centres. 

As we have found for the movement of the valve in Oooeh't 

link-motion an equation of the same form as for Stephenson's, we 

may also here consider the morements of tbe valve for a certain 

position of the link as chords of a circle, 

tbe co-ordinates of whose centres are 

(Fig. 31): 



Fro. SI. 







8± 



I 



1% - änh). 



There is therefore in this case also 

a valve circle corresponding to each 

I of expansion, i. e. one for each 

value of u which is used. 

Tbe centres of all these circles will again lie on a carve, tiie 

curve of centres, whose law is to be determined. 

In Stephenson's link-motion tbis cnrve is a pnrabola, bnt it is still 
simpler in the present link-motion; for as tbe formula for the 
abscissa a does not contain tbe value u, it follows that the centres of 
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all the valve circles have the same abscissa, and are thus situated in 
a perpendicular to the line of stroke B ; the " curve " of centres is 
a, straighi line B C^ (Fig. 31), which is normal to the centre line of 
motion, and is distant from the centre of the axle for open eccentric- 
rods as much as 

r(.i„8 + f™8), (48) 

but for crossed rods as much as 

'5(™8-?oo.s). (49) 

We found on p. 75 the same expressions for Stephenson's link- 
motion, but there they represent the distance from the centre of the 
axle of the vertices of those parabolas which form the curve of centres. 
The close relation between Qooeh's link-motion and that by Steplben- 
ton follows also from the comparison of the " missing quantities " of 
the two motions ; this quantity is in both constructions 



',.{- 



-> 



The remarks previously made concerning this quantity are correct 
for the present valve-motion, and it is Iherefore unnecessary to repeat 
' them. 

(c.) The Suspension of the Link and of the Eadius-rod. 

There are in Goock's link-motion, two suspension-links : the one 
L J (Fig. 32) carries the link and swings round a fixed pin at L, 
while its lower end is connected with the link. The latter point of 
connection is in practice generally placed behind the curve towards 
the axle. Experiments with a model have shown that this causes 
irregularities in the movement of the link, in consequence of which 
the slide-block K during the movement slips up and down in the 
slot of the link, but that these irregularities are very much reduced 
if the point of suspension of the link is placed nearer to the centre J 
of the chord. 

It is very difficult to prove the correctness of this remark in a 
mathematical way, but it may be inferred from the above theoretical 
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invest! gati one. We there always assvuned, that the centre J of the 
chord of the link moves back and forth on the line of stroke, and 
under this snppositiitn found that the end Bj of the radins-rod Bi K 
moves sym metrically back and forth on both sides of a point in a 
■ suitable for governing the movements of a steam-valva 




From this would follow, that in practice care should be taken thai 1 
the centre of the chord move as exactly as possible in the straight | 
line B. This condition is fulfilled when the link is suspended at | 
this point J. 

Now, the next thing is to ascertain the abscissa of the 6xed point I 
L ; of course, the ordinate is the length of the suspension-rod itself, 1 
and for this the only rule we have is, to make it as long as post 

We may use, for determining the abscissa of L, equations already J 
given. 

Equation (30) gives the abscissa of the centre of the chord for 
that moment when it passes through the centre of its arc of oecilWj 
tion, or through its centre of motion, and this equation is 



= t- 



where the link is supposed to he lowered as much as it. ThftJ 
question in the present case is the same, but here the link is always 
80 placed that the point J moves back and forth almost exactly in 
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the direction of the strolce, we therefore have M = 0, and the abscissa 
of the centre of oscillation is consequently more simple, namely, 



ai 



(60) 



Now, as the suapension-rod has to be in a vertical position when 
the point J passes through its centre of oscillation, the ahove formula 
gives also the abseissa of the point of suspension L, measured from the 
centre of the axle on tlie line of stroke; it is therefore only 
necessary to subtract the versed sine of the arc of the link from the 
length of the eccentric-rods. 

The second suspension-rod ET carries the radius-rod. As the 
latter has to be raised or lowered, the point of suspension E must be 
movable. The question now is, in what curve this movement must 
take place in order that the sliding-block K may alter its position in 
the link as little as possible ; the problem is to arrange the suspen- 
sion in such a manner, that the vertical movement of the point T is 
a minimum. As T is supposed to move in an arc of the radius E T, 
this vertical movement will be very small when E T is large and the 
chord is parallel to the h'ne of stroke OB; it is unnecessary to say 
much here concerning the first condition, and we shall therefore at 
once consider the second one. For that purpose we determine next 
the horizontal movement of the point T for any grade w, that is, the 
variable abscissa Q. We have 

OQ = OB-BB, -B,Q. 

But B is given by equation (42). Neglecting the last term. 



which contains the very small factor 
we obtain 



4cZ 



and substituting /, for p, 



Ü -I- — TcoB S - ^- ain 



We also have BB,^;^ and B,Q=V B/F-QT' 
Bi T by It, and assuming approximately that K M = m, 




-, {I + Q. 



representing 
then 



QT = 
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hence 

or approximately, for li is always very large in proportion to u, 
We thus get 



O Q = r f sin 8 + y cos 8 J cos Ü) H f cos 8 — y- sin 8 ] si 



sin o) 



4.7J.I 74.^0«' ^{l + h) ' 

Substituting for to in this equation, first 0, and then 180% and 
taking the mean x of the two values obtained, we get 

^-7j.7 7 ^(^ + ^) . ^0^' /Kn 

x=l + h-lo- 2^^ +27l> (51) 

and this is ^^ abscissa of the point of suspension E for the correspond- 
ing position of the radius-rod. 

If I3 is the length of the suspension-rod, the ordinate is approxi- 
mately 

y = k + r^. (52) 

If the sliding-block is at the dead point of the link, u = 0, and 
therefore the co-ordinates for this position are 

OQo = Z + Z, -Zo- ^^y]-^ and QoEo=Z3. (63) 

The point Eo is found by a simple calculation. If the radius-rod 
occupies the highest or lowest position, then «^ = + or — c, for 
the sliding-block K of this kind of valve-gears can always be shifted 
into positions which coincide with the centre lines of the eccentric- 
rods, as to C and Ci. Substituting these values of u in equations (51) 
and (52), we get next, for the two extreme positions Ei and E2 of the 
point of suspension, the abscissa 

OQ. = ^ + Z.-^,-q+^ + |^. (64) 
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the ordmates, however, are 



Q. E, = i. + 
Q, E, = I, - 



(65) 



The point of suspension should therefore he moved in an arc 
which passes through these three points E, Eo Ej. But the eombioa- 
tion of the two equations (51) and (52) gives again the peculiar result, 
that the curve which passes through the above points is a parabola 
the parameter of which is = 2li, or equal to double the length of the 
radius-rod. Now, as ?i is always very large, the short part of the 
parabola, which lies near the vertex, may be replaced by an arc of 
the radius li, i. e. by radius equal to the length of the radius-rod. 

This radius is taken much smaller in practice, and after the 
positions Ei E,, Ea are laid off according to the co-ordinates above 
calculated, these points are moved so far parallel to the line of 
motion, that the arc passing through them has the desired radius. 
But according to the preceding theory, the irregularities in the 
movement of the point K will increase the smaller this radius is 
made. 

The preceding theory of the suspension of the link is, moreover, 
applicable not only to open eccentric-rods, but to crossed ones as well. 



PiiACTiCAi Application of the Diaqbam. 

We can refer in what follows to diSerent facts which have 
already been stated during the investigation of the diagram of the 
simple valve-gear and of Stephenson's link-motion ; the same nota- 
tion has been taken for the present valve-gear as for the preceding 
ones. In order to examine the distribution of the steam effected 
by Gooeh's link-motion, it is necessary to draw, as before, a valve 
circle for each grade of expansion, i. e, for each value of a ; in other 
words, to calculate the co-ordinates for its centre, and lay them off 
OD the drawing. 
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The theory gives for the movement f of the valve the formula : 
(in.) i = r(.m8±j-co88)co,„ 

in which the upper sign ia to be taken for open eceenttic-rods, and 
the Imver sign for crossed eccentric-rods. 

The co-ordinates for the centres of the valve circles are then 



OB 



n(sin8±5oo.s) 



(56) 
(67) 



these values may easily be calculated, when the valnes of r, S, e, I, 
and M are known. For a given valve-gear w ia the only variable 
quantity, and may be expressed in parts of c. Aa already stated, the 
valve-gears at present under discussion always allow the sliding-block 
K to occupy positions which coincide with the centre lines of the 
eccentric-rods, and thus the greatest value of m ia equal to -f c or 
— c The half-length o of the link is now again divided from the 
dead point each way, into a certain number of equal parts or grades 
of expansion ; thus if we have n parts and if the sliding-block is 
at the m"' part, then 



By substituting this value in the above equations (56) and (57), 
the co-ordinates of the centres of the valve circles for the corre- 
sponding grades will be obtained ; the circle may then be drawn, and 
in connection with the lap circles will show the distribution of the 
a for the corresponding grade in the manner already explained. 
It will be advantageous to show at once by an example the manner 
in which all questions relating to the distribution of the steam by 
an existing or assumed valve-gear may be answered by the diagram. 

Problem. — The following measurements are taken &om a link- 
motion on Gooch's system: — Eccentricity »■ = 0'060" (2- 36"); 
angle of advance g = 20°; half-length of the link o = O'lSO"" (6"); 



I 
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length of the ecceutric-roda I = 1 ■ 2" {48") ; the outside lap e = 
■ 023" (0 ■ 91") ; the inside lap i = ■ 006" (0 ■ 23") ; there are fonr 
grades of expansion for the forward gear and the same number for 
back gear. 

How is the distribution of the steam e 

Calcnlate first the co-ordinates B 
and B C, of the centre of the valve 
circle Cj for the highest grade of ex- 
pansion, thus for M = Ö (Fig. 33). The 



E Ci = I Uoi 




give, if the above values are used, 



OB = 0-014" (0-56") and BO, = 0-027" (l- 



If these two values are mariied from on the axis S, as 
shown in Fig. 33, the centre Cj of the valve circle, corresponding 
to the last or fourth grade of expauaion, is obtained. Describe from 
Ci this circle with C4 as radius. 

Next simply divide the ordinate B C, into as many parts as 
there are grades, in this ease into four. The points of division 
C], C„ and C3, then give at once the centres of the valve circles 
belonging to the different grades, and these circles are described 
iiora Ci, C„ and C3 with C, 0, C^ 0, and C3 as radii. Vi, finally, 
circles are described from with the outside lap O Vi = e = " 023" 
and the inside lap Wi = » = ■ 006 as rudii, the diagram will 
be complete. How, for each grade of expansion, the chief positions 
of the crank, for instance the beginning of the admission of the 
exhaust, of the expansion, of the compression, the greatest opening 
of the ports, &c., are to bo obtained from the points of intersection 
of the valve circles with the lap circles, has been already explaineilj 
and it will therefore he unnecessary to repeat it. 

We need therefore only call attention to one peculiarity of this 
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valve-gear ; it will be seen that every valve circle crosses the axis 
of the abscissa at the same point Pj ; but now it is known that Vi Pi 
is the opening of the port for the admission, and Wi Pi ia the 
opening of the port for the release at the beginning of the stroke, or 
the oatside and inside lead respectively ; hence it will be seen, that 
the lead is the same for all grades. The meaanrements bom the 
figure, which is drawn half-size, give 

OntHidelead v; P, = 0-005'"(0-2"), 
Inside „ W.P, = 0-022" (0-86"). 

For the dead point of the link w = 0, the abscissa of the centre 
of its valre circle, 



0B = 



l{.i.B+',^^y, 



the ordinate, however, is nil, and the centre therefore coincides 
with B. 

We obtained the same result for the dead point of Stephenson's 
link, and it follows, that with equal dimensions of the two valve- 
geare, the distribution of the steam by the dead point is exactly the 
same. The remarks on p. 90 are also correct for the present 
case. It is generally considered to be a great advantage, that in 
the case of the present valve-gear, the lead for open eccentric- 
rods as well as for crossed ones, is constant, and this valve-gear is, 
therefore, considered to be better than that by Stephenson, in which 
the lead, as we have explained, increases with open rods and 
decreases with crossed ones, the higher the grade of expansion. But 
from the results obtained above, we are obliged to declare the valve- 
gear by Stephenson to be the better one. Gooch'a valve-gear always 
requires a great distance between the driving axle and the cylinder, 
for the long radius-rod has to be placed between the link and valve- 
rod ; hence this arrangement will, especially in locomotive engine^ 
be applied but seldom. If a constant lead is really necessary, 
then, as we have shown, Stephenson's valve-gear may be so con- 
structed that the lead in this case also becomes constant. Take a 
short link, long eccentric-rods, and different angles of advance, and 
the small variations of the lead which may occur with such an 
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arrangement of Stephenson's valve-gear cannot possibly affect 
disadvantageonsly the action of the steam in the cylinder. 

A second problem would be to design and construct for a steam- 
engine, say for a locomotive, a valve-gear on Gooelia system by means 
of a diagram. There is no difficulty in doing this according to the 
methods which have been explained above. Certain parts, as the 
length of the eccentric-rods and the length of the link, are already 
generally determined by the whole arrangement of the engine. If 
we have the choice, then, we start on the principle of making the 
eccentric-rods as long, and the link as short, as possible. We next 
choose the angles of advance between 10° and 30', the eccentricities 
between about O-OOO" (2") and 0-080" (3-2") in such manner that 
the greater eccentricity corresponds to a smaller angle of advance. 
We may now at once draw the diagram for the last grade of ex- 
pansion, and obtain by Pi (Fig. 33) the movement of the valve 
from its central position at the commencement of the stroke of the 
piston. If we now lay off from P, towards O the distance Pi V, 
equal to the outside lead, amounting generally from 0'004° (0'16") 
to O'OOT"' (0'28"}, we get Vi the outside lap, which is generally 
between 0-020'° (0-8") and 0-040"° (1-6"). If the diagram shows 
this lap to be too large, a smaller angle of advance or a smaller 
eccentricity must be taken. The inside lap is generally taken 
between O-OOl" (0-04") and 0-007° (0-28"). 

The above rules are also correct for Stephenson's valve-gear, 
except that in such a case the outside lap has to be chosen with 
regard to the variability of the outside lead. We, therefore, draw 
the valve circle for the dead point, and examine whether the lead for 
the inner grades of expansion with open rods is too large, or whether 
with crossed rods under the chosen proportions, it is too small. 

Finally, for the suspension of the link and of the radius-rod, we 
refer to the results of the theoretical investigations. 
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CHArTEB UI. 

Allan's Link-motion, 



i 



Description of the Valve-gear, 
In Stefliemon's link-motion, as well aa in Oooeh's, the link is curved 
to an arc, which in the former has a radius equal to the length 
of the eci^entrlc-rod, and in the latter equal to the length of the 
radiua-rod. We have already proved that this must be so if the 
valve is to swing sym metrically on each side of a point that remains 
fixed for all grades of expansion, a condition of things required for a 
regular and correct distribution of the steam. 

But the construction of a curved link with large radius formerly 
involved great practical difficulties, and the often-repeated question, 
whether the curved link could not be replaced by a straight one, 
was therefore quite natural. But the arrangement of the different 
parts of Stephenson's and Oooeh's link-motion will not allow this, as 
may be easily shown theoretically. 

If in equations (19), p. 72, and (43), p. 110, the radius p of the -, 
K curved link be taken infinitely large, two equations will be obtained, 

W the first one for Siepheneon's link-motion, and the second one for 

W Gooch's, which give the distance of the centre of motion of the 

■ movement of the valve from the centre of the axle. Tliese equations 
I will show that, under the given supposition, the centre of motion of 
B _ the valve moves farther and farther from the centre of the axle the 
U more the link (Stephenson's gear) or the radius-rod (Gooeh's gear) is 

■ raised or loviered. But the consequence of such an alteration of the 

■ centre of motion would be, that the admitision and the release of the 
F steam, in fact the distribution of the steam for the forward stroke 
I would be quite different from that for the return stroke. 

I Viewed in this light, Allan's invention — an invention which was 

I also made a little later by Trick in Germany, undoubtedly indepen- 

I dent of Allan — appears the more interesting. Both Alian and Trick 

I employ a straight link, and attain their end perfectly, as theory will 

■ show, by the ingenious plan of raising or lowering tlie link and the 



I 

I 
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radius-rod oiGooeh's gear simultaneovdy ; i. e. the valve moves at all 
grades of expansion aymmetrieally on each side of a fixed point. 

Fig. 13, PI. ni., gives a plan and elevation of AUan's link- 
motion. 

The two eccentrics D and Di, fastened to the axle with eqtial 
angles of advance, govern the two eccentrie-rods DC and D, Ci, 
which are connected at their farther ends and C^ to the link H H. 
The link has a straight slot, in which the aliding-block, connected 
with the end of the radius-rod BiK, can be moved up and down. 
The radius-rod is connected at its end B, with the guided valve- 
stem Bi B. The link is carried at its dead point J by the lifting- 
link Si J, while the lifting-link S T is at its one end fastened to the 
radius-rod Bj K ; both lifting-links are connected at their other ends 
by a double lever Si LS, which is fixed to the reversing-shaft L. 
To the same shaft is fastened the lever N, which can be moved 
between the positions indicated by dotted lines, by means of the 
reversing-rod P. It will now be seen that turning the shaft L 
simultaneously lowers the link and raises the radius-rod and its 
sliding-block K ; on the other hand, when the link rises, the radius- 
rod is lowered. The various dimensions of this link-motion must 
also be in certain proportion, if the movement of the valve is to be a 
correct one. Everything depends, as tbe theoretical investigations 
will show, upon the ratio of the two arms L S and Si L of the double 
lever S Sj, 




For our investigations wa shall use tiie sketch. Fig. 34, and 
xetain for tbe different parts the notation previoueily employed. Thus, 
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as before, let r = the eccentricity D = Dj, S = the angle of 
advance, I = the length of the eccentric-rods C D = C, Di, o = the 
half-length J C = J Cj of the link ; l^ = the length of the radius-rod 
B, K and 1% = that of the yalve-rod measured to the centre of the 
valve B. Also let the distance between the connecting point T of 
the lifting-arm and the end Bi of the radius-rod be l^, and let the two 
arms 8i L and S L be represented by a and T>. Finally, let the 
distance of the eliding-block K from the dead point J of the Knk 
for any position of the latter be u, thus J E = w. The link crosses 
the line of motion B at the point M ; let the distance of this point 
from the dead point of the link be J M = «i, and let the distance of 
the same point from the sliding-block K be M E = «a; then 

K = «, + «i- 



Theoey of Allah's Link-motion, 
(a.) Determination of the Movement of the Valve. 
We shall commence here also by establishing the equation 
which gives the distance of the centre of the valve B from the centre 
O of the axle for a certain position of the link and for any angular 
movement a of the crank ; we shall use the notation given above, 
and a few equations which were found while developing the theory 
of 8tephenso7is valve-gear, as we in that case at first assumed a, 
straight link. Let us first take the case of opeji eccentric-rods. 
According to Fig. 34, 

B = P - F M, -H M, B, + B, B. (58) 

Some of the different quantities on the right-hand side of this 
equation are known, and the rest are easy to determine. K we sub- 
stitute Wj for w in equation (15), we get 

OF. 
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where, acc5ording to equation (16), p. 70, 

#* #* #f %* 

sin a = - cos 8 sin a> ^ 7 sin 8 sin a> =- cos 8 cos a> 

e I cl 

+ ^ + ^^[cos»(8-o>)-cos2(8 + o>)]. (61) 



The value of Mi Bi, according to Fig. 34, is 



or, as Bi K = Zi, and approximately K Mi = 1*2» 

M, Bi = V^'-Wa*; 
or, since U2 is small in proportion to Zi, 

MB-Z,^-^-Z- (** ^ "^)' 

^^^^"^ 2^-'* — 27r^- 

And finally 

B B| = »2* 



(62) 



Substituting these different values in equation (58), we get, after 
sufficient reduction, 

O B = r (sin 8 -\ j — cos Bj cos a> 

+ — fcoe 8 - i^L^ sin 8^ sin 0. + J + i, + I. 

C \ tt * / 



- r^-=^oos»(8-o)) + i±^cos«(8 + o))l. (63) 



If we substitute in this equation first for a), and next 180^ for 
(k), and take the mean of the two values thus obtained, i. e. if we 
adjust the valve to give equal lead, the distance of the centre of 
motion X of the valve from the centre of the axle will be 
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bnt u and t^ are variable yalnes, and the valve-gear would be quite 
useless if the last quantity between the brackets could not be 
reduced to nil, i. e. if the centre of motion X could not be kept at 
the same place for every grade of expansion. But, fortunately, this 
may easily be done; let us try to ascertain the corresponding 
relation between u and Ui. 

First, it is easy to see that the following proportion is correct, if 
in Fig. 34 we draw T U parallel to the link : 

TU : KM = BiT : BiK, 

or, if TU = w., 

«,= r*^. (66) 

We may then find the relation between u^ and «i. The lifting- 
links Si J and S T are of equal length, and when K is at the dead 
point, the points J and T fall on the line of motion, and the lever 
S Si is parallel to the latter. As the reversing-shaft is turned, the 
points J and T move in directions nearly vertical to B, and under 
these suppositions it will be easy to prove that the following pro- 
portionate movement takes place : 

TU : JM = SL : SjL, 
or, using the known notation, 

tt, = - Ml. (66) 

a 

The combination of this equation with equation (65) gives 

k h 

U2= J - «1. 

*o ^ 

Therefore 
or, since Wi + «2 = ^> 

Placing the constant value, 

l+y-=n, (68) 
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we get « = n «1, The value of n may always be calculated for a 
given valve-gear when the ratio 6 : a of the arms of the lever, and 
the lengths ?i and Ig are known. 

After these preparations, we return again to formula (64). We 
found that with Allan's valve-gear the following condition must 
always be fulfilled : 

2/ ( ^ 2/, 

Now if we substitute in this u = nn„ we get 



and thus follows : 



« = i + ^(i±Vi+(), 



and combining this equation with (68) : 



(69) 



This equation shows that AUan's valve-gear is only correct when 
the suspension-rods are carried by a lever whose arms have the 
ratio given by the last formula ; it is only then that the variable 
quantity iu equation (64) disappears, and that the centre of oscilla- 
tion of the valve remains the same for all grades of expansion. The 
ratio depends only on the length of the eccentric-rod I, the length of 
the radius-rod l^, and the position of the point T upon the latter. 

Por the further investigations, we have to suppose the given 
condition to be fulfilled by taking the positive sign before the radical 
as the correct one. 

But according to equation (64) the value of X then becomes 



X = ; -I- i, -I- /, - 

and the movement of the valve is therefore 
£=OB-OX 



21 



(70) 




sincü 



1 28 REVERSING-MOTIONS. 

Using the value of O B given by equation (63), and putting 

u 
Ui = -, we get, after reduction, 

(IV) ^ = rfsmS + '^^^' oo8S)coBio 

\ nc I / 

H ( COS 8 ^ — = — ^ sm 8 ) su 

c \ nl / 

+ ö-;(ooB288ina)+-sin28coßü)) sin w. 

All quantities containing e have to change sign for crossed 
eccentric-rods. 

The third term of the last equation is again the "missing 
quantity," and it is exactly equal to that which was found for 
Stephenson s valve-gear, and for OooeVs. Again, neglecting this 
quantity, we get for open and crossed rods : 

(IV) i = r(sin8 ± ^^TF^^® 8)cosa) 



^^^[ 5 - c (n - 1) . ^1 . 

± — cos Ö I -^^ — 5 — ' Sin 8 I Sin w. 
c L nl J 



But in this equation we must have 



n = 1 + 7 



and 



(IV) M(' + V' + 'j> 



If we again designate the coefficients of cos o> and sin o) by A 
and B, we get as for the other valve-gears : 

^ = A cos (0 ± B sin w. (71) 

(6.) The Curve of CerUres. 

The curve in which the centres of all the valve circles belonging 
to the different grades of expansion are situated may be obtained if 
the two equations for the co-ordinates 

, B ritf J. _ c(n-l) . .1 
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are combined by eliminating r. We find that the ourye, as in the 



case of Stephenson's valve-gear, is a 
rods is distant from by tbe amount 


parabola 


whose vertex for open 


i("°» + ; 


-)• 


(72) 


and for crossed rods by the amount 






i(.--r 


.s). 


(73) 



These formulas are the same ae those for Stephenson's gear. 
With open rods the concave side of the parabola is turned towards 
O and its parameter is 



With crossed rods, the convex si< 
towards 0, and the parameter is 



i of the parabola is turned 



■ 1) .i„ 



0" 



(75) 



Therefore the paiabolas are not equal for open and croaaed rods as in 
the ease of Stephenson's gear. For the method of finding the above 
formulas, see p. 75. 

(e.) The Suspension of (he Link and of the Radius-rod. 
The preceding investigation has shown, that if the construction 
is to be correct, the two arms S L and Si L of the double lever S Si 
must have a certain ratio which is prescribed by the other dimensions 
of the valve-gear ; thus it was shown that 



^K^V^-0- 



The fixed shaft L is placed between the two points of i 
but Beuleavix has shown (Civil-ingenieur, vol. iii.) that the points of 
suspension 8 and Si can be placed upon oTie side of the tnmiog point ; 
but he adds quite correctly, that this suspension would be im- 
practicable, and we shall not therefore examine it here, but only 



ISO 
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discnsB the arraugement given by AUan, and asaumeil in the above 1 

calculations. 

If we examine, as in the case of the valve-geara already i 
fiidered, in what curve the two points of Buspeusion S and Si must 
be moved if the vertical movements of the link and sliding-block 
are to be reduced as much as possible, we arrive at conditions which , 
are not fulfilled by Allan's method of suspeusion, for the two points J 
of suspension should be moved in parabolas or approximately in arcs 
whose radii are equal to I and J^, and which present their convex 
sides towards the axle L. This condition could easily be fulfilled 
practically, by moving the two points S and Si in corresponding 
guides. With regard lo the present method of Suspension, therefore, i 
there is nothing to recommend, from the theoretical standpoint, but 
to make the lifting-links as long as possible, and to make the whole 
length S Si of the double lever a little greater than the length T E, 
say, 

a + b = l,~t^ (7G) 

As the ratio - is given by equation (i-T"), the actual lengths of 
a and h are easily determined. 

If the dead point J of the link lies on the direction of the stroke, 
the lever S Sj is horizontal, and we find for this case, according to 
equation (32), that the abscissa of the point of suspension 81, 
measured from 0, must be 



I 

I 

I 



22 
As the point L in this position lies as much as a farther towards 
the right, the abscissa of the axis L is, exactly enough for practical 
purposes, , 

the length of the two lifting-links giving the corresponding ordinate. , 




Practical Application op the Diagbam. 

In order to examine an existing valve-gear, or to design a new | 

one, it is only necessary to know the principal results of the theo- j 

reticai investigation above given, which results are briefly expressed I 
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by the three following equiitions. The movement of the valve for 
any angular movement ta and any grade of expansion u for open or 
crossed rods, is 

(IV) | = r(m8±^L^^oo,8)co,. 

when the different symbols, with the exception of «, have the signi- 
fication above given (p. 124). 
But it is necessary that 

(IV) "='+?:'• 

and that 

Now, in order to ascertain by the aid of the diagram the dis- 
tribution of the steam for each grade of expansion, we must again 
draw the different valve circles whose centres have the co-ordinates 

An example will clearly show the application of this formula. 
ProbUftn. — An existing valve-gear, Allan's system, has the 
following dimensions (Fig. 13, PI. III.): — 

Eccentricity r = 0-070'° (2-75") 

Angle of advance S = 30° 

Length of the eccentrio-iods i = 1'250" (49") 

Half-length of file link .. CJ = OJi = c= O-ISO" (6") 

Length of the radius-rod i, = 1 ■ BOO" (60") 

Distance of the point T from the end B, of 

the radius-rod Z„ = 1-250" (49") 

Lifting-arm S,L = a of the lever S S, .. a = 0-075" (2-9") 

Lifting-arm S L = 6 6 = 0-175" (6-8") 

Outaidelap e = 0-024" (0-9") 

Inside lap .= 0-005" (0-19") 

E 2 
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The valve-gear has crossed eccentric-rods, and four grades for 
the forward gear and as many for the back gear. 

The sliding-block E stands at C or Ci when the motion is in full 
gear ; for these positions w = + c or — <?. 

The distribution of the steam for all grades of expansion is to 
be examined, and in addition any peculiarities this valve-gear may 
possess are to be ascertained from the diagram. 

We must first examine whether equation (IVb) is fulfilled, for 
then only is the valve-gear useful ; if it were not fulfilled, the valve 
would not, at the different grades of expansion, move about the 
same fixed point. We must therefore have 



I'H'W^^'O- 



Substituting the given values, we have 

- = 2-35. 
a 

The given values of a and h have the same ratio, and on this 
score, therefore, no fault can be found with the valve-gear. 
If we now calculate 

we get 

n = 2-82. 

For calculating the co-ordinates of the centres of the valve 
circles, the following formulas must be used, for the eccentric-rods 
are crossed : 

0B = a = H(Bin8- ^f-^l- cob 8) 
2 \ net / 

2c\ nl J 

From these formulas we can now get the co-ordinates for the 4th 
or last grade of expansion, thus for ii = c and the other known 
values, we have 

O B = • 0151» (0 • 60") and B C = • 0316» (1 • 24"). 
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Substituting in the corresponding formulas, successively, 
M = Jc, « = |c, M=Jc, and u = 0, 
we obtain the co-ordinates of the centres of tlie valve circles 

For the 3rd grade O B, = 0-0146" (0-61") BjC, = fl-OaS?" (0-9") 
„ 2nd „ OBa = 0'01S8°'(0-54") B, 0, = 0-0158" (0-6") 
iHt „ OB, ^ 0' 0135" (0-53") B, C, = O-OOTg- (0-3") 
„ dead point OB, = 0-0132°' (0-52") 0- 

The co-ordinates are now laid off as in Fig, 14, PL III., and 
the centres Co, Ci, C„ Cj, and C of the valve circles are thus 
obtained. Describe nest the lap circles with the laps Y = e = 
0-024" {0-94'^ and W = t = O-OOS" (0-23") as radii, and the 
diagram is complete. In order to ascertain from the diagram 
the distribution of the steam, we refer the reader to the explana- 
tions accompanying the diagrams (Figs 8 and 10, PI. II.}, for 
Stephenson's valve-gear, and to the remarks on p. 89 and those 
following. 

But we may call attention to one peculiarity of Allans valve- 
gear with regard to the lead ; it will be seen that in the present 
case, crossed rods, the lead decreases the higher the expansion ; thus, 
while the lead for the 4th grade is O-Oüe- (0-27"), for the 1st 
grade it is only 0-003° (O'll"); just the opposite result would 
obtain for open rods. It will thus be seen that Allan's valve- 
gear is in this respect similar to Stephenson's; but the variation 
of the lead, other things being equal, may be easily shown to be 
always less in Allan's than in Stephenson's gear. 

Ent this is not suf&cient reason for considering Allan's valve- 
gear the better one, for the small advantage witii respect to the lead 
is rather dearly purchased,' as in this, as well as in Grooch's valve- 
gear, circumstances prevent its application in many cases, because 
the insertion of the long radius-rod requires a much greater 
distance between steam-chest and dtiving-asle than in Stephenson's 
yalve-gear. 

There is no difSculty in ascertaining, according to the method 
explained above, the different dimensions which are to be chosen 
in designing a valve-gear. What has already been said about Oooeh'g 
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valve-gear, is in general correct for Allan's gear also ; it is only 
necessary to add, that tlie ratio - of the lever-anns must be 
80 chosen that the equation 

is satisfied. 

The above investigations have shown how similar the conetrnc- 
tions of the three valve-gears by Stephenson, Gooch, and AUan aie; 
we found, notwithstanding the different arrangements, for all three 
valve-gears the same "missing quantity"; the dead point of the 
link governs, under equal circumstances, the movement of the valve 
in the same manner in the one as in the other of the valve-geare, 
and the respective diagrams show such coinciilence that we arrive 
at the conclusion that in respect to the distribution of the steam 
none of these gears deserves the preference. 

The close relationship existing between these three valve-gears 
may be easily described. In Stephenson's valve-gear the link is raised 
and lowered while the radius-rod remains in the direction of the 
Btroke ; in Gooeh's valve-gear the link has no vertical motion, it is 
the radius-rod which is raised and lowered ; in Allan's valve-gear 
the two motions take place simultaneously and in such a manner 
that when the link is raised the radius-rod is lowered and vice versa. 

In what has preceded we have discussed the three valve-gears 
in the order in which they were invented, and have developed 
for each separately the formulas for the movement of the valve ; but 
it is perfectly easy to so conduct the analytical development that 
it will include the three cases; the close relationship, then, finds 
expression in the fundamental formulas, which also show whether 
the three cases are the only possible ones, or whether it is possible 
to effect an improvement by altering the general arrangement of 
the parts. 

The analytical treatment just mentioned is particularly suited 
for collegiate lectures, and the author has employed this method in 
his lectures for years ; it will now be given in order that the problem 
may be examined from every point of view. 
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As the basis of the 



! investigation, we will assume Stephenson's 
yalve-gear, with open rods ; but we will also assume, as in Gooch'a 
and Allan's gears, that a radius-rod B K (Fig. 35) is inserted between 
valve-stem and link, which rod, like the link, is raised and lowered. 




We will now, as in the separate discussions above mentioned, 
deduce the distance B for any crank angle &> ; as before, let S 
represent the angle of advance, r the eccentricity, I the length of 
the eccentric- rods C D and Oi D„ and 2 e the length of the link C Ci, 
which may be assumed to be the same as the chord C Cj, provided 
the link is curved to as great a radius p as possible. 

Let us further assume that the link ia lowered the amount 
J M = J' Br = X, and that the end K of the radiua-rod is raised 
above the direction of the stroke B the amount M K = M' K' = y, 
then we have from tlie figure 

OB = OM'-l-M'F-|-FB' -|-B'B. (78) 

The distance M' can be determined as in the investigation of 
Stephenson's valve-gear, p. 71 ; to avoid repetition in establishing 
the value M', we at once make use of equation (18), but drop its 
last term because the " missing quantity " has been neglected from 
the start ; as the lowering of the link is here represented by x 
instead of m, we substitute in this equation is in place of «, also 
make p = oo, because M' lies on the chord of the link, ant 
we may at first regard the link as straight ; then we have 



M' = »■ ^Bin S + ^— J- 008 S^ c 
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Moreover the figure gives 

WF = y sin a. 

where, as before, a represents the inclination of the chord of the 
link to a perpendicular let fall on the direction of the stroke; 
employing equation (16), again neglecting its last term, and substi- 
tuting X for w, we obtain 

M'F= — oosSsinü) — ^sinSsinoi 
c I 



COB cos 01 + -j^ • (80) 



If we represent the length B' K' (Fig. 35) by Zi, we get 

F B' = VZ,«-y»oos*a. 

But as a is always very small, we can assume cos a = 1, and as li 
is very large in comparison with the lift y of the radius-rod, we may 
develop the radical according to the binomial theorem and employ 
only the first two terms of the series, we then have 

FB' = /,-J^. (81) 

Finally, we must take into account that the link is not straight, 
but is curved to an arc having the radius p, and that, consequently, 
one end of the radius-rod must be shifted from K' to K and the other 
end from B' to B, so that B' B = E' K The distance E' E can be 
determined approximately as follows : — The half-length e of the chord 

corresponds to the rise J J' = 5— of the arc of the link, on the other 

hand the half chord T K = x + y corresponds to the rise 

the difference between these rises» it is easy to see, represents the 
distance E' E, hence 

B'B = K'K=.£^^^±;^. (82) 
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Now, combiuiiig equations (79) to (82) with (78), 
reduction 



0B=r(Bm8 + - 
+ (' + '■- 



el 



-)— (^ 



21 



! get after 



(83) 



(84) 



Now this equation shows that the valve -gear arrangement 

sketched in Fig. 35 (though it does not occur in this form in practice) 
might well be employed under certain conditions. The first two 
terms represent the well-known law of valve motion 

f = Aco8<u + Bsin«>, 
where 

A = r ("sin S + —^—^S ß^g gA 

B = r("i±»™,8_».i„s) I' 

moreover the point B, which could be employed to diive the valve, 
oscillates about a centre of motion whose dislance from the axis is 
given by the third term in equation (83). 

If, aa in previous investigations, we designate this centre of 
motion by X, its distance from the driving-axle is given by 

2p'^ 21 21, 2p 

Evidently, the valve-gear can only be employed as a link-motion 
when the centre of motion X occupies the same position for every 
position of the link and radius-rod, i. e. for every possible value of x and 
y ; or, in other words, it can only be thus employed when the distance 
X is constant for all values of x and y. Consequently the only 
condition to be fulfilled, in order to render the valve-gear sketch in 
Fig. 35 practically useful, is that the last three terms in equation 
(85) disappear, which gives the equation of condition 

le^ + 2xy _ ^ _ (a -I- sY ^ , 

21 2 i, 2 p 

* It would be still more general to place this equation equal to a ooiutant instead at 

eqnal to ze»; but then results aie obtaiued which would leud to very complicBttd 

■Rangemeiita for effecting tbe proper nJative motion of lioli and radiue-rod, fur thu 

diileiuie x is then no longer proportioiiSi] to y. 



OX = i + i,- 



(86) 
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,J" 



if to the left member of this equation we add and subtract ^, , and 
reduce, we get 

(;. + jr(l-^)-,'(l+i) = 0, (86) 

and this condition is always easily fulfilled. 

We will now esamine a few Bpecial cases. 

Case I. — The radius-rod B E (Fig, 35) is neither raised nor lowered, 
its end K being constantly kept in the direction of the stroke, then 
y = 0, and the equation of condition (86) becomes 



K-^ 



and this equation can only be satisfied when p is made equal to t, 
i. e. when the link is curved to an arc whose radios is equal to the 
length of the eccentric -rod, consequently this case corresponds to 
Stephenson's link-motion. If we substitute in equations (84) y = 
and rat for m, we obtain the foiTuulas (22) and (23), p. 73, which were 
deduced above for the valve movement in Stephenson's link-motion. 

Case JI. — The radius-rod is raised and lowered, but the dead point 
of the link is kept constantly on the line of the stroke. For this 
case we must substitute a; = in the above general equations, and 
equation of condition (86) gives 



i 



(■-^('-Ö-' 




The link must therefore be curved according to an arc whose 
radius is equal to the length of the radius-rod, and the negative sign 
shows that the curvature is in the opposite direction, i, e. its conTei 
side must be turned toward the driving-axle. This case corresponds 
to Goock's link-motion. Substituting a; = and y = « in equation 
(84) we get the formulas (45) and (46), which were deduced for 
Goocfis link-motion. 

Case III. — The link and radius-rod both move vertically at the 
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same time (as was assumed i 

the link is straight ; then p 
equation of condition 



developing the genera! equation), but 
= 00, and equation (86) gives for the 



or 

i-' + V^^ 

i. e. the ratio of the distance through which the link is lowered 
to the distance through which the radius-rod is raised, most be con- 
stant and equal to the ratio prescribed by the last formula. This 
corresponds to Allan's link-motion. 

If we substitute x + y = u, also v, = n x where n represents a 
constant quantity, we obtain from the preceding equations and the 
equations (84) the formula IV' (p. 128), which was before directly 
deduced for Allan's valve-gear. 

GeTieral Case. — A closer examination of the equation of condition 
(86), shows, however, that the arrangements invented hy Stephenson, 
Oooch, and Allan, are not the only possible ones, but that there are 
an infinite number of eases varying with the choice of the radius p of 
the link. 

If we wish to actually construct the arrangemeot sketched in 
Fig. 35, it is only necessary that equation (8ö) should be satisfied, 
which equation may be also written in the following general manner : 



It at once follows from this equation that y must always be directly 
proportional to x ; the ratio of the two values is constant and can bo 
easily obtained from the last formula. Moreover, it is evident that 
the radius p of the arc of the link can be assumed equal or greater 
than the length of the eccentric-rods when, as assumed in the de- 
Teiopment, the link turns its concave side to the driving-axle, for 
p <l would make the radical imaginary. On the other hand, wheu 
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the link is turned about, 
the axle, we hare 



hen its convex side is turned towards 



1 + - 



b 



If, as will always be the case in practice, we suppose the link 
to be lowered when tlie radius-rod is raised, or viee versa, the pre- 
ceding radical becomes greater than unity, and then p mnst be 
greater than the length li of the radius-rod, if the limiting case 
(p = /,) represented by Gooch'a gear is to be ayoided. 

This will suffice for the general case, for it is evident that the 
preceding formulas are applicable to crossed rods (when an opposite 
sign is given to the values of c in the formulas), and that the value of 
X becomes negative when link and radius-rod are simaltaneoualy 
raised or lowered ; the object of this investigation is only to show 
that the formulas for Stephenson's, Gooch's, and Allan's link-motions 
are but special cases of more general forumlas, and to point out the 
interesting fact that among the infinite number of possible cases 
practice has picked out by trial just those three cases which have been 
found to be theoretically the simplest and mast feasible. 

We said above that, as regards the distribution of steam, neither 
Stephenson's, Gooch's, nor Allans link-motion deserved the preference. 
In respect to this distribution one doubt may still arise, and that is 
with reference to the lead ; the question is often put, whether a 
constant lead for all grades is really of such importance for an 
advantageous distribution of the steam as is believed by many, and 
whether, if a constant lead is not possible, a greater or smaller one 
at a higher espansion is to be permitted, i, e. whether in the case of 
Stephenson's and Allan's valve-gears, open or crossed eccentric-rods 
should be applied, A correct answer to this question can perhaps. 
only be obtained through exact experiments ; for the present a certain 
amount of the lead must be taken as advantageous, hut it must also 
be admitted, according to the calculatiuns by Beuleaux ('Civil-inge- 
nieur,' vol. iii.), that the slight variations given by reversing-motions 
with variable exjiansion, have no disadvantageous influence upon tho 
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action of the steam in tlie cylinder. Therefore, Stephenson's aud 
Allan's valve-gears are not in this respect inferior to Oooch's, supposing 
the dimensions are so chosen that the Infad does not increase too much, 
or disappear entirely, as may happen when the outsiiie lap with crossed 
rods is not correctly determined. 

In conclusion, we must add a few words about a peculiarity of a 
few existing locomotive valve-gears ; namely, the laps are sometimes 
different on the two sides. Such an arrangement may be a necessity 
when the principal positions of the crank, in couscquence of a very 
short conneeiing-rod, differ too much during the forward and return 
strokes, and when the beginning of the expansion and of the exhaust 
for each stroke are to take place at the same piston positions, i. e. when 
the piston is at the same distance from the heginning of the stroke. 

But if the connecting-rod is long enough, there is no reason for 
the above arrangement, unless a fault in the design of the valve- 
gear should require such an alteration. But this fault is probably to 
be found in an incorrect suspension of the link or of the radius-rod 
supposing that we have Stephenson's or Oooch's system, but if we have 
ARan's valve-gear, the ratio of the arms of the double lever which 
carries the suspension-rods may not have been chosen so as to 
correspond with the formula given above. If the suspension is a 
correct one, and if the eccentric-rods are sufBcienlly long, our theory 
gives, even if the " missing quantity " is taken into account, no results 
■which indicate the necessity of such an arrangement. If the valve 
is adjusted to equal lead for one grade, then it is equal on both sides 
of the valve for aU other grades, even when the eccentric-rods are 
short, as has been proved by theory and experiments. Of course it is 
another question, whether with short eccentric-rods the distribution 
of the steam will be an advantageous one for all grades of expansion ; 
but this question is most decidedly to be answered in the negative. 
No possible alteration in the valve can in the least improve the 
distribution of the steam in such valve-geara. 

In the following pages we give tlie investigation of two link- 
motions, whose parts are quite differently arranged from those already 
examined. | 
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CHAPTER IV. 

HEUBraGEH TOS Waldegg's Link-motion. 

Descri^ion of the Valve-gewr. 
This valve-gear ig represented in side elevation by Fig. 15, PI. III. 
is the centre of the driving-axle, upon which ia fixed the crank K, 
and an eccentric E whose eccentricity D forms a right angle with 
the centre line of the crank. 

The eccentric-rod D C gives to the link C C, which turns on the I 
fixed pin J, an oscillating motion. The link has a curved slot in 
which the aliding-block K can be moved tip and down by means of 
the lifting-link K H, so as to produce a variable expansion ; the block 
is jointed to the radius rod P K. 

The radius-rod P K is connected at its end P with two levers M 8, 
whose Tipper ends are jointed to the valve-spindle V V, while their 
lower ends turn in bearings S on the cross-head W. Each lever M 8 
has thus a very peculiar motion given to it ; the end S moves back 
and forth with the piston-rod, tie point P gets from the link another 
oscillatiiig motion, and the second point M is thus given a motion 
which, as experience has shown, is suitable for working the valve; 
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The different parts are represented in Fig. 36 by lines only, bnt 
are distinguished by the same letters when in different positions. If 
the crank K stands at one of the dead points, thus in the position 
O Ri, the piston is at the beginning of the stroke, and the arm of the 
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cross-head is at Ti Si. The centre line of the eccentiic ie at that 
moment at l>i, the link occupies th« central position d J Ei, the 
radiua-rod is in the position K^ P„ and the lever which governs the 
vaive-stem is at Si Pi Mj. If the crank is now turned through ISO'^, 
i. e. into the position Kj, the cross-head will have arrived at the other 
end "of the stroke or at Tj S^, the link will again occupy its central 
position because the centre line of the eccentric has arrived at Dj. 
The radiuB-rod will again occupy the position Ei Pi, and the lever 
■which governs the valve will be at the position Sa Mj, i, e. the valve 
will have travelled the distance M, M3 during the supposed move- 
ment from right to left. If we bisect Mi M^ at X, this point marks 
the central position of the valve, for the movement of the valve must 
be a symmetrical one if we imagine the centre of the valve to be 
directly fastened to the end M of the motion-lever M S. Moreover, 
the straight line X Pj Y lies at the centre of the piston stroke Si Sa, 
The distances Mi X and M^ X, therefore, represent the movements 
of the valve from its central position, when, tlie crank stands at the 
dead ^inta. A.B each of the two distances Mi X and Ma X represents 
the lead 'plus the outside lap, and as the first has to be constant for 
all grades of expansion, the position of the lever Mi S, or M^ Sa has to 
remain unaltered when the end Kj of the radius-rod Ki Pi is moved 
up and down in the link while the crank stands at one of the dead 
points ; the point Pi must not, therefore, alter its position while this 
raising or lowering of the radius-rod takes place. It will be at once 
seen that this is the case when the slot in the link is curved to an 
arc whose radius is equal to the length Ej Pj of the radius-rod. 
Moreover, it is best to put the turning-point J of the link on a line 
J Pi parallel to the direction of the valve-sl«m V V. 

If we follow by calculation the motion of the valve during any 

angular movement of the crank, it will be found that establishing 

formulas for the movement of the valve is connected with great 

■ difEculties, but if we are willing to approximate, the relations sought 

become very simple. 

Let the eccentricity D = f (Fig. 36), the radius of the crank 
ß = R ; the half-length J C of the link = c, the distance J E of 
the sliding-block E from the centre of the link for any grade of 
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expansion = «. Next let P, X = A be the distance of the point Pi 
from the Talve-stem V V at the central position of the link, and J 
Pi Y = Q Si = t the distance of the centre of the bearing S from th» l 
line J Q which is parallel to the valve-stem. Finally, let ne assume I 

an eccentric and radius-rod as long as possible. 



Theory op Keusingeb von Waldegg's Link-motion. 
(a.) Determination of the Movement of the Valve. 
If we start from the position 'R, of the crank, the lint at that 
moment occupies the position C, E„ the motion-lever is in the 
position Si M, and the centre of the valve is at tlie distanee Mi X 
from its central position. Now, instead of supposing the crank and 
the eccentric to travel together through an angle a, we shall imagine, 
in order that the matter may be better understood, that they turn 
separately. If we suppose the crank for the present to be fixed at 
R, and turn the eccentricity r in the direction of the arrow through 
the angle Dj D = w, the point D of the eccentric-rod, and there- 
fore its point of coonectiou C with the link, will move, approximately, 
as much as the distance F to the left, and this distance is = »■ sin a. 
While the point G moves as much as C Ci = r sin tii to the left, the 
link arrives at the position C J E, and the sliding-block K, moves to 
E, BO that 






CO, 
' JC ' 



The movement of 



or according to our notation K Ki = - i 

the point Ei causes the other end Pi of the radius-rod to move to P, 

SO that approximately P Pj = K Ei = - r sin a>. Now, as the 

crank is for the present supposed to be fixed at R[, the arm Si Ti 
or bearing S[ will not alter its position, and the motion-lever will 
pass, in consequence of the movement of Pi, from the position S, P, Mi 
to Si P M3 and the centre of the valve from Mi to M3, provided the 
crank has not at the same time turned through the angle B Bi. 
Let UB first determine the movement M1M3 of the valve. During 
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the moTement of Pi towards the right, the point Pi leaves the 
straight line Pi J, for Mi P, = Mg P, but as this deviation JU always 

very small, it may be assumed approximately that the point Pi 
always moves like Mj back and forth in a straight line, and therefore 
that Pi P is parallel to M, Mj. Then loUows, according to Fig. 36, 







TpT 


P,S. 


XY 

= p:y 


or. 
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to the notation, 


and because 
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sinw. 




have 


M,M, . 


k + h 


"-•» 



(87) 




Bat Mj is not the true position of the centre of the valve ; for if 
the crank is now turned through the angle ßj K = w, the arm 
Si T, advances to S T, the motion-lever moves in the bearing S, 
while it (the motion- lever) turns round the point P, which is at 
present supposed to be fixed, and brings the centre of the valve from 
Ms to M, i. e. to the place it would have reached if the movements 
of the crank and eccentric had taken place simultaneously. The 
distance M Mj may now be easily calculated. We have 

A M Ma P similar to A S P S„ 
therefore 

M M, : S S, = Ms P : P S, , 
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or, because 

But S Si is simply the movement of the piston for the angular 
movement ©, hence 

S Si = T Ti = U El = R (1 — cos w) approximately. 

The influence of the length of the connecting-rod may here be 
neglected, as the quantity S Si has to be multiplied by the small 

fraction j- in order to determine M M3. If we substitute the value 

of S Si in the above equation, we get for the latter 

MMs = |b(1-cosü>). (88) 

The figure shows that at the present position ß of the crank, 
the valve is at the distance M X from the central position, and we 
therefore have 

MX = MiX +M1M3 - MM3. (89) 

But we also have 

MiX _ YSi 
XPi " YPi' 

or, because 

YSi = E and YPi = A, 

Ml X = J B. 

If we substitute this value, as well as the results of equation (87) 
and (88), in equation (89) and reduce, we get for the movement 
M X = f of the valve from the centre of its stroke during the 
angular movement a> 

( V ) f = 7 R cos 0) H = — r sm w. 

Ä c k 

If we put for simplicity 

^ R = A, (90) 
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and for a certain grade of expansion, i. e. a given value of «, 

«*+ir = B, (91) 

c k 

the equation for the movement of the valve will be 

f = A cos 01 + B sin o). (92) 

(6.) The Cv/rve of Centres. 

The abscissa for any point of the curve of centres, or, in other 
words, for the centre of any valve circle, is, according to a preceding 
proposition, 



and the ordinate 



^ -r^ 1 A 1 Ä T> 

0B = «.5i.-jB, 



■'«-»■ä'' = a'-^" 



for the formula for the movement of the valve of the present valve- 
gear has also the general form 

^ = A cos 0) + B sin w, 

the movements of the valve are, therefore, represented here also by 
chords of circles, which we have called valve circles. 

As the formula for the abscissa does not contain the value of u, 
all points of the curve of centres have the same abscissa, and it 
follows that the required '* curve " of the present valve-gear, as in 
QoocVs, is a straight line BC4, (Fig. 33), which is perpendicular to the 
line of motion X. 

Practical Application op the Diagram, 

In practice it is only necessary, in order to be able to examine an 
existing valve-gear of the present system, or to design a new one, to 
know the equation for the movement of the valve. 

The equation is 



h n , uh + k 

A = rr a cos (Ü -i ; — r sin w. 

^ k c h 
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The different letters have the significations already given, and only 
with respect to ti is it necessary to add a few words, for the link 
may be so constructed, that at the last grade, i. e. when the radius-rod 
is completely raised or lowered, the slide-block K is either less remote 
from the dead point than the point of connection C of the eccentric- 
rod, or this distance is greater than C J. The first case occurs in the 
valve-gears constructed by Heminger. We shall, as before, designate 
by c the distance of the slide-block from the dead point at the last 
grade, and at once explain the remaining features of this valve-gear 
by a particular example. 

We have chosen for this purpose a valve-gear employed by 
Heusinger von Waldegg on one of his small tank-engines. The 
principal dimensions are — 

Crank radius E = 0-14"» (6-6") 

Eccentricity r = 0-032"» (1-28") 

Half-length of the link .. .. J = c = 0-108" (4-32") 
Distance of the last grade of expansion 

from the dead point of the link, 

thus J K = c, = 0-081™ (3-18") 

Vertical distance of the point P from 

the axis of the valve-stem .. .. ä = 0-028" (1-16") 
Vertical distance of the point P from 

the centre of the bearing S .. .. h = 0-304" (12") 

Outside lap e = 0-011" (0-43") 

Inside lap t = 0-002" (0-07") 

If we assume four grades of expansion for the forward gear and 
four for the back gear, i. e. w = 4, all questions with respect to the 
distribution of the steam may be easily answered from these data. 

We must first calculate the co-ordinates for the centre of the 
valve circle of the last or fourth grade by substituting u = ein the 
following formulas : 



and 



bo."r 



luh + k 
15 Cy - — r. 

2 c k 
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Substituting the data given above, we get 
OB = 0- 00645» (0-25") 



I BC, = 0- 0131" (0-52"), 

' and laying off these values in Fig. 37 we get the centre C* of the 
valve circle fur the last grade. 

■ This constitutes the whole of the calculation, for the centres for 

i the valve circles of the other grades are obtained simply by dividing 
the ordinate B Cj into as many parts 

!' as there are grades, in this case into ^'°- ^~- 

j'i /bur. If we now describe from C,, C3, 

,[ Ca, C„ and B circles with C, 0, C3 0, 

1 &c., &c., as radii, and abo from the 

I lap circles with the laps e and i as 

i radii, the diagram is complete, and we 
may proceed to investigate the distri- 

[ bution of the steam in exactly the 

I same manner as in the case of the 

I valve-gears already described, 

Tlie diagram in exactly the same 
as that for Gooch's valve-gear. As 

all valve circles cut the axis of the abscissa at the same point Pi, 
the lead Pi Vi is constant for all grades, and that was just what 
Heiisinger sought to accomplish. In the valve-gear under examina- 
tion the outside lead is equal to ■ 002" (0 ■ 078"), and the inside one 
0-011"(0'43")- 

The method of ascertaining the distribution of the steam from 
the above-given dimensions of the valve-gear has been already 
BufEciently explained. 

But it is of special importance to determine for certain conditions 
certain parts of the valve-gear, for example the outside and inside 
lap, the eccentritity, &c. We can safely assume that in practice in 
the formula for the movement of the valve 
wA-l-il: 






ISO 
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the length E of the crank ia known and also the values of Ä and i | 
(Pig. 36), It will only be necessary to take care that A is eb small I 
and h as large as possible. Next the vertical distance L Ti = w between | 
the centre lines of the valve-stena and piston-rod is to be taken t 
given, and also the half-bngth of the link, which with sufficient J 
accuracy may be assumed as ö = CiJ = TiQ=w — Ä. Moreover^j 
any value may be chosen for c^, i. e. for the distance of the last grad» I 
from the dead point J of the link. 

The method which has to be followed in designing a new valve- j 
gear is indicated by the following example. 

In a valve-gear on Heustnger von Waldegg's system it is required 
that steam shall be admitted at the last grade of expansion while 
the piston travels through 0-825 of its stroke, and that the exhaust 
shall begin when the piston lias still to travel through 0'045 i 
stroke. There is given 



R = 0-H"{5-6') 
c = 0-108'°(4-32") 
c, = 0-081" (3-18") 
h = 0-028"°(l-l") 
k = 0-304°(12") 
the outside lead = 0-002'° tO-078"). 



2 



'J'he eccentricity r, as well as the outside and inside lap, are to be 
determined, and then the distribution of the steam for all other 
grades of expansion ia to be examined, there being four grades for 
the forward gear and four for the back gear. 

Draw the two axes M and Pj (Fig. 38), and describe, to any 
scale, the crank-pin circle M ß K,. If we suppose the piston to travel 
on the diameter from M to N, the admission of the steam must cease 
at M„ so that M Ml = 0-825 . M N. Erect, the perpendicular Mi B„ 
meeting tho crank-pin circle at Ki, and connect Ei with O by the 
straight line OEi; this is then the position of the crank at the 
beginning of the espansion. Calculate next 

A = ^E = 0-0129 = OP,. 

If we lay oif the value of the outside lead V, P, = ■ 002" (0 -07") 
from Pj towards 0, then Vi = e is at once the required outside 
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lap, which is found by measurement to be e = O^Oll" (0'43") if we 
assume that Fig. 38 is drawn full-size. 

Describe from 0, with the lap e aa a radius, the circle Vi V« ; it 
intersects the positiou O Bi of the crank at Vj ; now drawing a circle 
through the three points V4, 
and Pi we get the valve circle '°' ' 

corresponding to the 4th grade. 
For the distance B C, of its centre 
from the axis M we have given 
, 1 ^ 1 c, A + i 

The distance & = B Ci is to be 
measured ; for the prpupnt case *"' 
b = 0- OlS" (0 ■ 57"), therefore from 
the last equation we get 

Substituting the known values in the right-hand member of the 
equation we obtain the required eccentricity 
r = 0-032° {1-25"). 

In order to determine the inside lap i, it is to be observeii that 
the exhaust must begin when the piston has still (J ■ 045 of its stroke 
to travel. Make therefore NMa=:0'045 M N, erect at M^ the 
perpendicular M^ Ri, and produce B^ beyond to the point of 
intersection W3 with the valve circle. Wj is the required inside 
lap, which meariurement shows to be 

ovr, = i = o-oos- (0-08"). 

Describing the circle W3 W, with i as a radius, and next the otiier 
valve circles, it will be easy to at once inspect the distribution of the 
steam for all gravies of expan.sion. 

The examination of the diagram of Seuain^er's valve-gear shows 
that the aim, to produce a constant lead, is completely attained, and 
that the valve-gear, in respect to distribution of the steam, is 
[ equal to those already examined. Heusinger'e construction is, 
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withont donbt, very iDgenious, but too complicated ; the remark 
made at the end of the investigation of Gooch's valve-gear, viz. 
that the constant lead is purchased at too high a price, is even more 
applicable here. 



CHAPTER V. 
Pius Fink's Link-motion. 
Description of the Valve-gear. 
This valve-gear, which ia represented by Fig. 16, PI. IV., and 
for which the inventor took a patent as long ago as April 1 857, is 
the simplest link-motion in existence, and has often been applied. 
is the driving-axle, R. the crank, and D an eccentric with an 
angle of advance of 90", whose sheave is directly and immovably 
fastened to the link CG. A sustaining arm G Q, which swings 
round the fixed pin G, is jointed to this link at the point Q, so that 
the point Q moves back and forth almost exactly on the centre line 
of the stroke B, while oscillating movements of the link take 
place round this point simultaneously with the turning of the 
axle. 

The radius-rod MBi, which is connected at Bi with the valve- 
spindle, is moved up and down in the link CO by means of the 
bell-crank lever E K L (Fig. 16, PI. IV.), with which it is connected 
by the lifting-liuk ET. The engine then runs in one or the other 
direction according as the sliding-block M is placed below or at 
the dead point J of the link ; moreover, the distance JM governs I 
the gi'ade of expansion. 

This valve-gear has especially been used for slationary engines 1 
working with variable expansion hut always running in the same j 
direction. For such cases only one-half of the link is constructed | 
(see Fig. 17, PI. IV.} and the sliding-block M is then fixed at any | 
required point M of the link by means of a screw. This difference) | 
viz. whether the shifting of the radius-rod is effected tlirough a hell- I 
crank by means of the suspension-rod E T, as in Fig. ItJ, or whether J 
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the point M is fixed in the link by a screw, must be taken into 
consideration during the theoretical inTestigation, for the movement 
of the valve will be different in the two cages ; in the first arrange- 
ment the slide-block M will slip up and down in the link between 
certain limits, while in the second it will not slip. 

Theory of Pius Fink's Link-motion. 

(a.) Determtnaliort of the Movetnent of tlie Valve. 

We shall at first investigate the arrangement shown in Fig. 16, 

PI. IV,, and shall suppose the radius-rod to be moved up and down 

by means of a bell-crauk lever. If in Fig, 39, OB is the direction 

of the valve-face and Z the centre line of the cylinder, the crank 




stands at a dead point when in the position ßo and at this instant 
O Do indicates the line of eccentricity r. The angle of advance is 
therefore Y Do = 90° ; and if the crank is moved in the direction 
of the arrow tlirough the angle m, the eccentricity will move to 
the position D, and all other parts of the valve-gear represented in 
the fignre correspond to this position. 

We will suppose that the point Q,, which is situated on the con- 
necting line D J between the centre D of the eccentric and the dead 
point J of the link, moves back and forth exactly on the line of 
motion O B ; at least we may neglect the variations which will be 
caused if we take the sustaining arm QG very long and its fnlcrum 
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b 



G so that the chord of the arc which the point Q describes is 
parallel to O B. Moreover, in the following cak-nlations we shall 
repi-esent the two parts D Q and Q J of I) J by a and b respectively, 
and the inclination DQO of this line to the direction of stroke, 
when crank-angle = m, we shall represent by 0, We shall again call 
the whole length of link C Ci = 2 c, and for the present suppose the 
link to be an arc whose radius is equal to any length p. Let the 
point M which represents the position of the sliding-block for tlie 
corresponding position of the crank have the co-ordinates J N = a; and 
N M = y, the dead point J as the origin of co-ordinates and D J as 
the axis of abscissa. Nest let Ei M = i rojDresent the length of the 
radius-rod and 6,6 = /, the length of the valve-stem measured to 
the centre of the valve. Now if the suspension-rod E T is long, and 
if its fixed point E is chosen correctly, the point T, and therefore the 
end M of the radius-rod, i, e. the sliding-block in the link, will move 
almost parallel to the centre line of motion OB, and the normal 
distance M L = w will be a constant one for a certain position of the 
bell-crank lever EKL (Fig. 16, PI. IV.). In all valve-^ 
hitherto examined we represented the distance J M of the slide- 
block from the dead point of the link by m ; but in tlie present 
it is more correct to make the distance M L = u, because we thus 
show in the formulas the influence of the slip of the slide-block M in 
the link upon the movements of the valve. 

We must nuw determine the distance of the centre of the valve 
B from the centre C of the axle for the position of the crank 
Bo B = Q). If we drop (Fig. 39) from the points D and N on OB 
the perpendiculars D F and N K, we have, as will be seen from the 
figure, 

OB = OP-|-FQ-t-QK-fKL-f-LB. -t-E.B, 

or, as will be sten at once, 

OB = rcosu.-|-(icoBc^-|-(t4-x)cos0 

+ yshi>p + \' W^ii^ + I,. (93) 

There exists in addition the relation, 

j,cos*= >, + (h + x)^mi>i (94) 
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and as the link is to be curved to radius p, we have 

y2 = a; (2 p - a), 

or, when the radius p is proportionately large, and consequently the 
arc of the link flat, we have more simply, 

f = 2px. (95) 

Finally, we get from the calculation of tlie length D F, 

r sin u) = a sin <j>, (96) 

The four equations above given comprise the entire theory of 
the present valve-motion ; for if the quantities oj, y and <}> are 
eliminated, by means of the last three equations, from equation (93), 
B is then only a function of co and u, and the ascertaining of this 
relation is the very object of the investigation. The exact calcula- 
tion would lead to very complicated formulas, but we may with 
sufficient correctness proceed approximately as follows. In equation 
(93), when the eccentric-rod is long and the link proportionately 
short, i. e. when I is large and u small, we may write for the quantity 
under the radical, 

Substituting also in equation (93) the value of y obtained 
from equation (94), the former after reduction becomes 

O B = r cos 0) + a cos H — h + I + L — — , . 

cos cos 21 

The value of x may be calculated from equation (95), and as this 
value is of itself very small, we can obtain the value of y from 
equation (94), by putting there oj = ; then follows from (94), 



and then from (95), 



y 


u + h 


sin 


* 


cos 


* 


■"■ > 


X : 


{u + h 


sin 


<i>y 



2 p cos'^ 
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and by substituting in the last equation for B, 

h + u sin (ß 



O B = r cos CD + a cos (ß + 



cos <j> 

(« + 6sin»)« j^^ 

^ 2pcos0 ■^*-^*» 2Z 



Finally the angle <f> must be expressed in terms of a> ; from 
equation (96) follows : 



r 

sin = - sin cd, 
a 



cos 



= ^1 - ^ sill" <»>, 



or, when a is large enough in proportion to r and the radical is 
replaced by a series in which all powers higher than the second are 
neglected, 

cos <^ = 1 — jr— ^ sin* CD, 

then follows, approximately, 

1 r* 

= 1 + 0-« ^^^ <ö 



cos 2 a' 

and 



1 r* 

= 1 + 3 . j^-5, Bin* CD. 



cos*0 ' ' 2ä^ 

Using these values in the last equation for O B and neglecting 

T 

all quantities which contain powers of - sin cd higher than the 



a 
second, we get finally, 

h 

P 



B = r cos to -\ {l+-)8in<o4-« + 6 + i + A + ;r- 

a \ p/ 2 p 






According to this formula the distance of the valve centre from 
the centre O of the axle may be calculated for a certain position at 
of the radius-rod and for any position © of the crank. 
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If the crank stands at one of the dead points, and therefore 
Ö) = 0, this distance will be 

r + a+b + l+h + f^-fl' 

If the crank stands at the other dead point, and therefore 
CD s= 180^, this distance is 

2p 21 

As the yalye is to be set so as to have equal lead, the mean of 
these two values gives the distance O X of the centre of motion of 
the valve from the centre of the axle. This distance is 

But the centre X must be the same for every position of the 
radius-rod ; hence X must be independent of u, and this is the 
case when p = I; from this follows the rule : — 

In FinVs valve-gear the link must he cmrved to an are whose radius 
is equal to the length of the radius-rod Bi M = Z. 

Putting now into the equation for X, as well as in equation 
(97), p = Z, we finally get from the formula 

f=OB-OX, 
the movement of the valve 



f = r cos ü)H (l+yjsm 



(1) 






and if we may neglect the last quantity, which represents the 
" missing quantity," on account of its very small value, as is always 
possible when there is a good distribution of the steam, we get the 

simple equation 

ru / h\ 
f = r cos Ü) H ( 1 + y j sin 0), (99) 

which in form is the same as those obtained for all valve-motions 
hitherto examined. 
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The results above obtained are based upon the arrangement 
shovm in Fig. 16, PI. VI., or Fig. 39 ; if however, the sliding-block M 
is not kept by means of the rod E T parallel to the centre line of 
motion B, and therefore is not forced to move up and down in the 
link, but is fixed in the link at the point M by a screw, the results 
above obtained cannot be employed without modification ; but there 
is no difiSculty in at once transforming the formulas, so that they 
may correspond to the altered conditions. M L = t* is then no 
longer constant for a certain degree of expansion (Fig. 39), but this 
is now the case with the length JM, which may be represented 
correctly enough by y. But according to equation (94) we have 

u = y cos (f) — (h + x) sin 0, 
and if we put here, as above, 



.8 



as well as 



and 



then follows 



2p 21' 



sm (p = -^ sin (1), 
a 



1 r* 
cos (f) = 1 — K — i sin* (0, 



2 a' 



— sin Ü) = — sin w — ( 6 + ^w -• sin* w, 
a a \ 2U or 

as well as 



r*w* ^f ' i 

— -- sm' (1) = — ^ sm* CÜ. 
ä^ or 



Using these two equations for eliminating from equation (98) the 
value of u, we get, after a few reductions, for the present case 



r y / ^ \ . 
^ = r cos 0) H — ^ ( 1 4- y j sin (0 



-i5(« + ^+T-|l)«^>' W 



this formula differs from equation (98) only in the " missing quan- 
tity " ; when this quantity is small enough the last equation reduces 
to equation (99) with the difference that here y represents the 
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I distance between the sliriing-block M and the dead point J of the 
I link, while in equation (99) u represents the normal distanoe of the 
I sliding-block M from the centre of motion B, i. e. the distance M L. 



(h.) The Curve of Centres. 
If Fink's valve-motion is such that the " missing quantity " may 
be neglected, then from what was said concerning the curves of 
centres of the other valve-motions we know that tlie co-ordinates of 
the centre of the valve cirele corresponding to the position w of the 
radius-rod can be obtained from the formulas : 
1 



fA = , 



^l"('-l)- 



situated above each other ; the " curve " of centres is therefore, as in 
the valve-motions of Gooeh and Heusiiiger von Waldegg, a straight 
line, which is perpendicular to the line of stroke, A further investi- 
gation of the present question would only be a repetition of what 
has already been givfn in eonnection with the valve-motions last 
mentioned. 

(c.) The Suspension of the Link and of the Radius-rod. 
We shall first discuss the suapension of the link. This is effected 
by means of the sustaining arm G Q, which swings round the fixed 
point G (Fig. 39). The theoretii'al investigations respecting the 
movement of the valve supposed that the point Q moved backwards 
and forwards on the line of motion B ; in order to fulfil this con- 
dition as nearly as possiUe, the link (jQ must be made as long as 
possible, and the centre G must be situated so that the chord of the 
arc in which the point Q really moves is parallel to the centre line 
of motion. The abscissa P of the centre G is obtained by this 
last requirement. We find for any crank-angle m the distance Q 
(Fig. 39), 



Q = F -I 



ü-f-OC 
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Now if the craok stands at one of ita dead points so that &> = 0, 
and also = 0, the coirespondiDg value of OQ is 
r+a. 

If the crank, however, stands at the second dead point, so that 
(■> = 180°, then again = 0, and it follows that the value of Q is 
-r+a. 

The mean of these two values is simply a. The point P, below 
which the fixed centre G- must be placed at the distance GP, is 
therefore at the distance P = D Q = a from the centre of the axle. 

As regards the suspension of the radins-rod, the problem is to 
keep the sliding-block M (Fig. 39) at a constant diutance M L = u 




from the line of motion OB. This condition is best fulfilled when 
the point T, at which the suspension-rod E T is fastened to the 
radiiiB-Fod, moves in an arc the chord of which is parallel to the 
centre line of motion, and when the radius of this arc, i. e. the length 
7j of the arm E T, is taken as large as possibla The abscissa O S of 
the point T for a certain position u of the sliding-block M and crank- 
angle (u, is now easily determined as follows : — 
We have 

OS = OB-BB,-B,S 
and 

B,8 : B,T = B,L : B,M. 

If we put Bi T = It, and, ae before, the length of the radios-rod 
Bi M = ^ the above proportion gives 

B,S = ^V1'^^*; 



SUSPENSION OF THE LINK AND RADrDS-HOD— FINE, 
r approximately 



Kepreaenting the length of the valve-atem Bi E by li (measured 
to the centre of the valve), and using in the equation for S the 
equation (97), neglecting there the last term (the " missing qnan- 
tity ") and substituting I for p, we get 



08 



F('-D-^ 



If the crank stands at one of the dead pointB, 
the corresponding value of S is 



that w 



\.a + h + l-l,- 



21^ 



If the crank is at the other dead point, so that w = 180°, the 
Talne of S becomes 

The mean of these two expressions gives that central position of 
tbe swinging point T for which the arm E T has to be vertical ; and 
the abscissa H = a; of the point E for the corresponding position u 
of the sliding-block M ia therefore 



The ordmate H E = 



y of this point is, however, 
HE = ET-ST. 



(101) 



Snbstitnting /, for the length of the arm E T, and considering the 
proportion 



ä T : M L = B, T : B, M, 
S T : « = J; : i, 



we get also 



(102) 



y of the point E are now calculated by 



B co-ordinatea a 

1 of the two equations (101) and (102) for every position « of 
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the sliding-block ; the course of the curve Ej E Bj in which this 1 
point E must move up and down, so that the guiding of the radius- \ 
rod may be as perfect aa possible, is thus easily determined. 

For the dead point of the link, i. e. for « = 0, this turning point 
falls at Eg, and the co-ordinates x = Xo and y = yg for this point are | 

therefore , , , 

»„ = a + 6 + i - io, (lOS) 

y, = ir (104) 

The position of this point Ej may now be easily ascertained. 
Combining equations (101) and (102), we get 



and, by eliminating w, the equation of the curve E, E,, Ej, 

and this is the equation of a parabola whose parameter is 2 la, whose 
principal axis Eo Eo' is parallel to the line of motion B, and whose 
arc (for 2 Iq will always be large) can again be replaced by a circular 
arc of the radius l^. 

We get thus, with reference to the suspension of the radius-rod, 
the following practical rule : — 

Choose the length ?j of the suspension-rod E T as long as possible, 
calculate the co-ordinates of the point Eo according to the equations 
(103) and (104), and draw through this point the line EoEo^ parallel 
to the line of motion B. From E^' describe now, with the length 
Bi T = ^0 as radius, a circle E, E,, Ej which passes through Eo ; 
this then is the arc in which the fulcrum E of the suspension- 
link has to be moved up and down in order to produce a variable 
expansion. The valve-gears on this system, as executed at the 
present time (compare Fig. 16, PI. IV.), are not constructed accord- 
ing to thia rule, for the arm EK of the bell-crank lever EKL ia 
taken shorter than the part Bj T of the radius-rod. But a siotple 
change in the design would easily effect tlie required movement (rf 
the point E. 



1 
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Practioal Application op the Diagkam. 

If we neglect the " missing quantity," the movement of the valvt 
in thia valve-gear, according to equations (38) and (100), is 



"(-D' 



the different letters having the same signification as those given on 
p. 154. Hence, if the coefBcients of cos. »u and sin a> are determined, 
the valve circles for different values of « may be drawn; and, on 
account of u appearing in the equation, a diagram for this valve-gear 
is obtained which is of the same form as that of the valve-gear by 
Gooah (p. 119) and that by Heusinger von Waldegg (p. 149). It 
seems, therefore, nnnecessary to explain the application of the 
above formula and the construction of the diagram by a special 
example, as we should simply have to repeat what has already been 
stated. Bat the peculiarities of Fink's valve-gear may be shown 
here by comparing it with those previously examined. 

We obtained for the two methods of moving the aliding-block in 
the link represented in Figs. 16 and 17, PI- IV., two diflferent 
formulas (98) and (100) for the movement of the valve; these 
formulaa differ in the " missing quantity," and in the fact that in one 
formula ^ oi u represents the distance of the sliding-block M from 
the centre line of motion (M L, Fig. 39), and in the other the 
distance of the block M from the dead point J of the link (or, with 
BufQcient exactness, the part M N in Fig. 39) ; in the first case, the 
eliding-block moves for a certain distance up and down in the link, 
while in the other case it is fixed. But the fact that the same 
formula for the movement of the valve under a different signiäcatiou 
of « is obtained in both arrangements by neglecting the "mimng 
quantittf," leads to the conclnsion that the two parts M L and M N 
(Fig. 39) ought not to differ much from each other. But thia 
condition is fulfilled, as an examination of the figure shows, when 
the eccentricity D = r is taken small, and the distance D Q = a 
as large as possible. The " missing quantities " themselves indicate 
that the ratio r : a must be as small as possible. A further exami- 
nation of the figure shows that the reqaired condition will be fulfttled 

M 2 





161 



REV ERST NG-MOTIONS. 



by choosing the part Q J = 6 aa small as possible ; it therefore seems 
beat, as it is easiest, to choose the value & = 0, i.'e. to connect 
the link with the sustaining arm G Q at the dead point J. We may 
add to these rules the condition already stated during the deyelop- 
ment of the formulae, namely, to choose the length of the ladius-rod, 
i, e, the radius of the link, as large as possible. 

Now, supposing the above-given conditions to be Mfilled as far 
as possible for a certain case, the question may arise whether Fink't 
valve-gear, on account of its great simplicity, is able to replace, 
especially on locomotives, the valve-gears by Stephenson, Gooch, and 
Allan. 

In order to answer this question let us solve the problom of I 
designing a valve-gear on Fink't 
system, which has to produce exactly 
the same distribution of the steam as 
the valve-gear on Gooek's system, 
chosen for the problem on p. 119, 

We found there for the last 
(fourth) grade of expansion, i, e. for 
w = c, and for the dimensions given 
in that problem, the co-ordinates of 
the valve circle (Fig. 40} : I 

OB = 0014"(0-65") 
and 

BC< = 0-027" (1-OG"). ' 

In the Fink's valve-gear assumed, let t = and the radius-rod 
take its extreme position, i. e. u = o (e representing the half-length 
of the link), then (for the diagram Fig. 40} from preceding propositions 
and the equation 
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and Bubstituting the given numerical values, we get 
»■ = 0-028™{l-l") 



From this follows, that the full length 2 c of the link in Fink's 
valve-gear must in the present case be nearly four times the length 
D Q = a ; the same distribution of the steam could, therefore, only 
be produced by a very long linb, as the length a had to be taken 
as large as possible ; but the supposition of a long link contradicts 
the supposition made when developing the principal formulas, where 
the distance m, and consequently c, waa assumed to be small in com- 
parison with the length of the radius-rod /. These remarks suflGce 
to show that Fink's valve-gear is only applicable for smaller periods 
of admission and high expansion, and that it is therefore inferior to 
Stephmaon' 3, Gooch's and Allan's gears. 

But the "missing quantities" of the formulas (98) and (100) 
indicate that Fink's valve-gear fulfils the conditions required for a 
good valve-gear less satisfactorily than the others. A closer exami- 
nation of actual constructions has shown that the "missing quan- 
tity " in Fink's valve-gear has a proportionally greater influence 
than in other gears ; consequently more disadvantageous deviations 
from the correct movement of the valve appear. 

In the arrangement with slipping-block (Fig. 16, PI. IV,) we 
have, according to formula (98), the " missing quantity" 



■\'i{'-^ 
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The same quantity for the other arrangement with fixed block 
(Fig. 17, PI. IV.), according to formula (100), is 

The " missing quantity " varies with the crank angle &> ; it is nil 
only for öl = and a = 180°, i. e. when the crank passes through 
the dead points ; it is, however, greatest for a> = 90° and 270", and 
for the present valve-gear this is especially unfavourable. As this 
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valve-gear is principally nsed for high expanBion, i. e. for short cut- 
offs, the " missing quantity " will exercise its greatest inAaence at 
just those crank angles which generally correspond to the beginnitig 
of the expansion, that m, at just the moments when the variations of 
the movement of the valve ought to be avoided. 

Stephenson^ s, GoocKs, and Allan's valve-gears show more favour- 
able results in this respect. The " missing quantity " for these three 
constructions was of the same form ; 

+ — (cob 2 S sin (u ± - sin 2 Sooe uj sin <u. 

(Seepp. 73, lllandl28.) 

This value in these cases becomes nil not only for two, but for 
/our positions of the crank, not only for w = and 180% but also 
for the angles which are obtained from the formula 

tan tu = + - tan 2 S ; 

for the particular case of open rods and the highest grade of expan- 
sion, i. e. for u = c, we get w = 180° - 2S and w = 360° - 2S. 

Differentiating the " missing quantity " with respect to a, we 
determine the crank angle at which this quantity is a maximum from 
the formula 

tan2üj= ±-fan2S, 



which gives four values. The " missing quantity " becomes a maxi- 
mum for open rods (upper sign) and the highest grade of expansion 
when the crank angles are 

«= 90°- S; 270" -8; 180°- S; 360°- S. 

Hence, the greatest variation takes place when the vatve is 
the greatest distance from the centre of its stroke, aud also when it 
passes through the centre of its motion ; but these are the positioos 
at which the variations evidently influence the distribution of the i 
steam least. 

All these observations show that Fink'a valve-gear ia moat 1 
decidedly inferior to the other valve-gears, and that it can soaroely bo J 
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applied to locomotivea. In many cases, however, it is applied with 
advantage to stationary engines on account of its simplicity.* In the 
'Civilingenieur,' Bd. 19, 1873, p. 222, the engineer Hunäus has 
shown analytically that the curved link in Fink's valve-gear could 
be replaced by a siraighi link, provided the link were lowered verti- 
cally when the radius-rod was raised, and vice versa, after the manner 
of Allan's valve-gear. A still more general treatment of the problem 
is suggested by the comparison of StepheiiaofLS, Goooh's, and Allan's 
Talve-gears given on p. 134. 

* [" Pro/. Zeuner's views of the nnsuitableneea of tbe ' Fink ' link aa a reversing-geax 
MB correct, and for the rensonB he givea. But the use of the Aoi/-liiik ia the Porter- 
Allen eDgices (it is in oonnection with these engines that the Fink motion was Snt 
brought into extenaive ns») shows that when compression a jndiuioDBlf applied, then 
the out-off points may be made practically ' symmetrical ' up to the half-Btroke at the 
expanse of it variable lend, the variation of wbicli ia io opposite (iireotians for the two 
strokes. Bi>fore cualiiociog was used Id these engines the variability of tbe lead made 
it sJmost impossible to obtain qniet running ander varying conditiona."] 
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Ob the Cocntkh-pebshcbb or Steam ih ENOraxa with Bitvbbbing-cibab. 

All the above inveBtigationfi on the distribution of Hteam by link-motiona 
Btarted with the Buppoeition that the link-motion worked in fore-gear when 
the engine was running forward, and in back-gear when the engine was 
mnning backward ; in other words, it was aseumed that the Btcam acted in 
the locomotive cylinder 80 as to cause a progressing motion, or relatively, 
an accelerotion of the motion. 

Bnt there is one case now of Bpocial interest, and which we will call 
the " coonter-presBure of the steam," which can arise in all engines 
provided with reversing-geaT ; we shall therefore in the following say a 
few words ahont this case, as our diagram will explain it without re- 
quiring any further alterations or additions. LeehatelieT'a proposition to 
use counter-pressnre of steam as a brake for stopping railway trains, has 
given this question greater importance. 

If we suppose a locomotive to be running at a high speed, and the 
valve-motion suddenly reversed so that the valve-gear works in a reversed 
manner, for example so that the valve-gear distributes the steam during 
the forward course of the engine in such manner as would canse the 
engine to ran backwards were a new start being made, very peculiar effects 
will evidently occur. This much will be at once eeoa, that the speed of 
the locomotive and train will be diminished, and that the steam will act 
against the piston. In order to explain the effects which oceor in this 
caae, we will enppose a locomotive with Stephenson's valve-gear; the 
chief positions of the piston for the different (four) grades of espansion are 
represented by the upper part of Figs. 8 and 10, PI. II., Fig. 8 repre- 
senting the valve-gear with open rods, and Fig, 10 that for crtssed ones. 
Now suppose the engine to be running forwards, the valve-gear in fore- 
gear und the piston travelling away from the main driving-axle, as indi- 
cated by the arrow (Figs. 8 to 10) ; then, from what has preceded we know 
that these four positions of the piston a, h, c, and d correspond to the 
following occurrences ; — 

a Beginning of the expansion, in cylinder end neareat (o driving-axle. 



I 



cxhanst, 




ta " d 



APPENDIX TO FIRST PART. 169 

But the representation may become oleaieT by deBignnting the dietanceB 
travelled by the piston. 

The occurrences in cylinder end nearest to driving-axle are 
Diatance H a ndniiesion of the Bteam (admiaaion) ; 
„ a c eipanaion of the steam ; 
„ c K lelesse of the atcaoi (pre-eibaiist). 

But the occurrences in cylinder emi farthest from driring-axle are 
Distance H 6 leleasu af the steam ; 

„ b d mmpreaBion of Uie steiua ; 
„ rj K odmiaaioD of the steam (pre-sdmisBion). 
By means of these values, which have been obtained from the diagram, 
it is now easy to imagine the corresponding indicator diagram and to judge 
of the work performed by the steam. 

Let ns investigate the counfer-effecl of the «team, and accordingly sup- 
pose that the engine runs forwards while the valve-gear at one of the four 
grades of expansion is in baek-gear ; the order of the four principal positions 
of the piston teiJl then be simply reversed, or the arrow which indicates 
the stroke of the piston in Figs. 8 and 10 must bo drawn in the opposite 
direction. 

If we therefore suppose the piston to travel from K towards H 
(Figs. 8 and 10, PI. II.), the four principal positions of the piston will 
correspond with the following occnrrences ; — 

d Boginning of the expaneion, in cylinder end farthest from driving-axle. 
„ „ oompreBBion, „ nearest to 

A „ „ ezliauBt, „ farthest from „ 

a „ „ adniieeiDn, „ nooroHt to , 

Or, if we again express the occurrences in terms of the distances travelled 
by the piston, we have 

In cylinder eaä farthest from driving-axle : 
Distance K if (uliuission, 
„ d b expauBinn, 
„ bH eihauBt (pre-eihauBt). 

Occurrences in cylinder end nearest to driving-axle : 

Distance K c eihaost (more correctly, cylinder space oommunicates 
with the eslmuit-port) ; 
„ CO compressioo ; 
„ üHadmusioD (pre-adtniaBion). 

Thns it is easy to get an idea of the effect of the steam in the cylinder, 
and to imagine the corresponding indicator diagram. If we examine more 
minutely the occurrences in cylinder end farthest from driving-axle, we 
shall find that fresh steam enters into the cylinder while the piston travels 
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I and then c( 



the distance K d, which iB particularly ebort at the last gntde. At d Üie 
cuttiBg-off, and consequently the expansion, begine, lasting until the piston 
Hrrivea at b ; the distance d 6 during which expansion takes place, ia now ao 
large in comparison with the distance K d, during which admission of the 
steam takes place, especially at the farthest grade of expansion, that the 
pressure of the steam in the cylinder generally sinks almost to or below 
tho atmospheric pressure. The exhaust-port, which for the present is snp- 
pcsed to commnuicate directly with the open air, opens when the piston 
arrives at b. If at this instant tho pressure of the steam in the cylinder is 
below that of the atmosphere, this inequality will disappear by the outside 
atmospheric air entering the cylinder (no steam ia therefore admitted) ; but 
if the pressure of the steam in the cylinder has not fallen, in consequence of 
the expansion, to or below the atmospheric pressure, then enough steam 
escapes at the moment of opening the exhaust-port, to bring the remaining 
steam to atmospheric pressure. 

i The piston, whoa it has travelled the distance tH, has reached the 
end of its stroke, and during this whole distance the outside air ia dravm in 
through the common exhaust-port, ao that when the piston has arrived at 6, 
the whole cylinder is filled by the atmospheric air and the small volume of 
steam which entered while the piston travelled the distance E d. Exactly 
the same occurrences will also take place in cylinder end nearest driving- 
axle while piston ia returning to the position K after it has travelled through 
the distance KE. Kow let us suppose that the piston has returned to the 
point E, and let us again follow it during its travel from K to H, but this 
time direct out attention to the occurrences which take place in cyHader end 
nearest driving-axle {Figs. 8 and 10, PL II.). The whole space of the 
cylinder, at end nearest driving-axle, ia filled with atmospheric air and a 
little steam. The exhaust-port is still open for the comparatively short 
diatauce K e, and a small portion of the air will therefore be again driven out, 
while the remainder will be slightly compressed ; but the exhaust-port shut« 
when the piston arrives at c, and the compression begins here, and lasts until 
the piaton occupies the position a. 

The port for the admission of the steam opens at a and remaiua open 
during the remaining distance a H of the stroke of the piston. The steam 
from the boiler will mix at a with the compressed air, and the whole . 
of air and steam will be pressed into the boiler, when nearly the full boiler 
pressure must be overcome. We see, therefore, that the steam-engines of a 
locomotive, subjected to the " counter-effect of the steam," 
prime movers, but as " air-pumps " ; thoy are driven by the work, which 
exists in the form of vis viva in tho moving train, and nearly a full volume 
of atmospheric air is drawo into each cylinder at each stroke of the piston, 
and then comprosstd and driven into the boiler; four cylinder volumes of 
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air will therefore enter the boiler of a locomotive Bt every revolntion of the 
driving wheels. 

It is easy to underetand that the " counter-effect of the steam " in 
locomotiveB causes the pressure of the steam in the boiler to rise quickly, 
but that is not the principal reason why " the counter-effect of the etoam" 
has hitherto been applied as a brake only in emergencies, for another 
disadvantage of a more serious character is connected with this method 
of using ateara. In locomotives the exhaust-port does not open directly 
into the air, bnt communicates by means of the exhanst-pipe with the 
interior of the smoke-box. Consequently, Boction will not fill the cylinders 
with puro air, but with the products of comboBtion from the smoke-bos, 
which have not only a very high temperature of 5OO°-60O° P., and 
upwards, but also carry with them a great many unconsnmed parts of the 
fnel. The hurtful influence upon the engine and boiler of continually using 
the counter-pressure of the steam will therefore be at once understood. 
Nevertheless, engineers have always had sufficient reason to regret that 
the driver is prohibited from applying this simplo and powerful plan of 
stopping trains, particularly as the retarding of trains by means of friction- 
brakes is to be considered, theoretically, quite as imperfect a practice, 
for the full uia viva of the trains correaponding to the diminution of velocity 
is entirely destroyed. 

It is not surprising that under such cirenmstances Lechatdier^s propo- 
sition soon met with great approval and was frequently applied. According 
to thia proposition, when the reversal is effected, the blast-pipe is to be 
closed, and the exhaust-port connected by a branch pipe with the steam and 
water space of the boiler ; small, controllable quantities of steam and water, 
instead of air and the products of combustion, are thus allowed to enter 
into the cylinders while the pistons are engaged in suction. Water is 
admitted, in order to prevent a superheating of the steam during the com- 
pressioD, i. e. in order to prevent the pistons and valves from rnnning dry. 

But eiperience and closer examination of the diagram show that 
Lechalelier's method, especially at a high speed of the engine, is not 
powerful enough in many cases. At a high velocity the piston will, in 
consequence of the gradual opening of the port for the admission of the 
counter-steam, travel a considerable distacee before the full counter-pressure 
acts against the piston. New devices are therefore proposed, namely, the 
so-called steam repression-brakes ; in those there is no reversing ; for 
example. Yon Landsee* proposes to fix on the cylinder a second valve, whose 
eccentric is fastened to the axle with an angle of advance S = 0. In order 

* 'Memoiru tux los diCr^rectes iugI 
trains but pentoa et en partiouUer e 
Hallunise, 1867. 
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to stop the engine, the exiiaust-pipe is cloBod, the chief valve-gear ie pnt at 
a high grade of expaneion, and connter-Bteam admitted through the second 
valve during the whole stroke of the piston. But the eteam repression-brake 
of MeesTB. Erausa and Co., of Munich, appears to accompÜBh the desired 
object best.* The blast-pipe is in this case closed towards the outside, but 
its inside is brought into communication with the steam-space of the 
boiler; no reversing takes place, but the throttle-valve is closed. The 
eflect thus produced may easily he determined by means of our valve diagram ; 
but this is not the place to follow out this question, and we refer 
for further information to the interesting pamphlet by Professor Linde: 
* Ueber einige Methoden zum Sremgen der Loeomotiven ttitd Eiaenhahn^e, 
ift^esondere über die Damp/r^esgiom-Bremse. Fat. System der Locomotitr- 
fabrik KrauM und Comp.' München, 1868. A thorough and interesting 
discuBHion of Leckatelier'g proposition is given by Prof. Gastav Schmidt, in 
' Mittheilungen des Architekten und Ingenieurvereins in Böhmen, 1869,' in 
an article entitled " Anwendung des Gegendampfes bei Loeomotiven " (see 
also ' Zeitschrift des Vereins deutscher Ingenieure,' 1870, Ed. 14, S. 778). 
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The TaIve-motioii8 which we examined in the First Part of this book 
were constmeted in such a manner that the distributioQ of the steam 
was effected by means of a single valve; if the movement of this 
valve is derived from a link, then it is possible, as has been fully 
explained in the First Part, to reverse the engine and to make it run 
forwards and backwards with variable expansion. But experience, 
and au inspection of the diagram given for the link-motions, show in 
this case a pecnliarity in the distribution of the steam ; for the 
higher the expansion, i. e. the earlier the steam is cut off by the 
single valve, the greater the compression of the steam becomes behind 
the piston ; also, the valve then shuts the ports earlier for the release 
of the steam. The steam, which has to escape into the open air, is 
confined behind the piston, and the piston in travelling forwards 
compresses it till the valve opens the port for the admission, an event 
which generally takes place before the piston has reached the end of 
its stroke. But the compression of the steam requires power, which 
the engine under certain circumstances loses. This ia the reason 
why many engineers declare the link-motions with one valve to be 
bad arrangements for pi'oducing expansion, and consider them only 
useful as arrangements for reversing tbe engines. 

Much, however, may be said against the correctness of this 
opinion. 

First, it ia well known that other constructions, for inai&nce the 
double-valve motions, which compress the steam slightly, if at all, 
could not replace at the present time the link-motions with one 
valve. On the contrary, the complicated valve-motions with two 
valves have been abandoned on the locomotives of several lines, and 
the simpler valve-motions with one valve have again been applied. 
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Next, it is to be observed that the locomotive drirers, who 
certainly have a special interest in making the beat use of their 
valve-motions, mostly use those grades of the link at which the 
influence of the compression ought to be very disadvantageous, 

*We might conclude at once from these statements, that an 
essential loss of power is not. at least under all circumstances, pro- 
duced by the compression of the steam in consequence of a very 
early cutting off. But a closer examination of our diagram will at 
once lead us to the result, that the link-motions with one valve may, 
under certain circumstances, produce an advantf^eous distribution 
of the steam, even for a high degree of expansion. 

The upper part of Fig. 8, PI. II., represents the principal 
positions of the piston in a valve-gear of the Siephemon type ; let us 
examine the positions corresponding to the second grade of expansion. 
The expansion begins at a, the compression at 6 ; the steam has at 
the beginning of the latter a pressure behind the piston a little 
higher than an atmosphere ; the compression lasts until the piston 
has arrived at the position d, and then the exhaust of the steam at 
once begins. Now, if we imagine that the steam at d, in consequence 
of the compression, has attained a pressure behind the piston just 
equal to that of tlie entering steam, then in a certain sense we have 
produced by compression, fresh eteara, which wÜl give out its work 
at the next stroke of the piston. We may therefore assume that a 
large part of the work expended on the compression is again given 
out. That the steam at d may have a pressure just or nearly equal 
to that of the steam in the boiler, it is merely necessary to give to 
the so-called hurtful space the required volume. This space is with- 
out doubt of great importance and exerts a useful influence in link- 
motions, and the diiferent opinions respecting the efiect of the link- 
motions with one valve, as derived from experience, are perhaps due 
to the circumstance, that this space is not of the proper size in the 
different locomotives. 

But analysis ofiers a better explanation of the question hero 
raised. BeuJeaux first gave in his treatise ' üeher die Wirkwng der 
Dampfvertheilimff bet den. Coidtssensteuemngen' (On the Effect of 
the Distribution of the Steam in Link-motions) (published in the 
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' Civilingenieiir/ vol. iii. page 43) an exact account of the influence of 
the BO-called hurtful space upon the compression ; and later, Zeuner in 
his book, ' Grunäxüge der mechanischen Wärmetheorie ' (Principles of 
the Meclianical Theory of Heat), has fully explained tlie influence 
of the compression of the steam and of the hurtful space upon the 
whole working of the steam-engine, so far as it is possible to do so in 
the present state of this theory. 

But this queatioQ h not yet decided, for correct and exact indi- 
cator trials are wanted ; trials which should be undertaken with 
special consideration of the requirements demanded by the theo- 
retical investigations. 

This 18 not the place to enter more fully upon the question indi- 
cated ; we simply wish to call attention to the fact that the valve- 
motions with two valves are principally indebted for their origin and 
application to the opinion that the compression of the steam behind 
the piston, as it occurs in the case of the link-motions with one 
valve at a high degree of expansion, is disadvantageous, but that 
this opinion is by no means to be accepted as entirely justifiable. 

One of the two valves, the ex pan si on- valve, only effects the 
cutting off of the steam, and such an arrangement of the different 
parts of the valve-motion is therefore generally chosen, that this 
catting off may take place eitJier sooner or later ; or, in other words, 
the expansion is generally a variable one, T!ie second valve, the 
main valve, regulates only the beginning of the admission, the ex- 
haust, and the lead ; it generally has an invariable stroke and small 
inside and outside laps. This main valve is, in the reversing 
motions, moved by the link, which then simply serves to effect the 
reversing, and is only used in its exti-eme positions. 

The disadvantage attending compression, supposing that we can, 
after what we have said, speak about such a disadvantage, certainly 
disappears when a special expansion-valve is applied ; but now there 
arises at once the other question, whether the advantage wliich is 
expected in consequence of the removal of the compression of the 
steam, is not partly or perhaps entirely balanced by the considerable 
lose of power which is connected with the movement of a second valve. 
Only experience and exact trials can give a solution to this question ; 
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tut the experience already derived from locomotives indicates that 
valve-motions with double valves are only applied with advantage at 
a high pressure of tlie steam, and that the link-motions imih one valve 
anmcsr very well for the steam pressures usuaJly emploj/ed at the presetd 
time. But as eood as the pressure in the boilers of locomotives is 
increased to 10 and 12 atmospheres — as has sometimes been done 
with perfect success— the application of a special expansion-valve 
will perhaps become indispensabla At the present state of our 
knowledge, respecting the most advantageous use of the steam 
power, everything indicates that further progress in the use of steam 
is principally to be expected by employing steam of aa high a 
pressure as possible, and thus producing a higher, but more perfect, 
expansion, 

A beginning has already been made in locomotives, and aa soon 
aa the employment of high-pressure steam shall have become more 
general in these engines, valve-gears with two valves will receive 
perhaps, more attention, and will also he more frequently employed. 

We shall therefore examine valve-gears with two valves as 
thoroughly as we examined the valve-gears with a single valve in 
the First Part ; but we have in this case, as in the previous one, only 
to answer the question, whether the common forma of valve-gears, 
with separate expansion- valve, are so designed as to fulfil the con- 
ditions which a correct valve-gear must satisfy in order to produce 
variable expansion. It is chiefly necessary that the steam may be 
cut off at any position of the crank. The following investigatioDB 
will show whether this is really the case in the systems employed at 
the present time, and if not, what degree of expansion may be pro 
duced by each system, and what improvements are possible in the 
different constructions. 

The method of investigation will be different in this case from 
that hitherto employed, in that we shall give the theory and the 
practical application of the diagram simultaneously. The theoretioal 
discussions are so simple, that every reader acquaint-ed with the. 
elements of mathematics will easily understand them. 

There are two kinds of valve-gears with double valves; in the 
first kind there are two steam-chests, one above the other; the 
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ordinary main valve moves in the lower one and the expansion- 
valve slides in the upper one on the perforated plate which separates 
the two steam-chests. The upper steam-chest is in uninterrupted 
communication with the boiler, and the expansion-valve only regu- 
lates the admission of steam to the lower chest. 

In the second kind of valve-gears there is only one steam-chest, 
and the expansion-valve slides directly on the back of the main 
valve which is provided with passages that are alternately opened 
and closed by the upper valve. 

In the following discussions the two kinds will be treated 
separately, although the valve diagrams of one kind may be easily 
reduced to those of the other, and although no essential difference 
exists between them. 
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SECTION T, 




SEPARATE EXPANSION-VALVE BLIDING ON COVER OF 
MAIN-VALVE CHEST. 



Gonzenbach's Cut-off Gear. 

Gonzeniaeh's vaive-ge&r ia shown in Fig. 18, PI. IV. ; both Talves, the 
main valve S as well as the expansion-valve So, are shown in their 
middle poaitiona, though theae are poaitioDS which they can only 
occupy simultaneously when their ecoentric-rods are detached from 
the eccentrics. The two steam-cheats K and K^ are separated by 
a partition containing a passage «o througli which the fresh steam 
can pass from the upper to the lower steam-chest when the paaaage 
is not closed by the expansion-valve Sj that slides back and forth 
over the opening ; the valve itself is sometimes called a ported-valve. 
In Fig. 18« both eccentrics are shown in the positions which they 
occupy when the crank passes through the first dead point. The 
eccentricity OD = r of the main-valve eccentric makes the angle 
DOY = 5 (angle of advance) with the perpendicular OY to the 
direction of the stroke of the eccentric-rod ; the eccentricity Do = rj 
mates at the same instant the angle DoOY= -S^ with this 
perpendicular OY; the following investigation will show that this 
must be so. 

Let ns first disregard the action of the expansion-valve, and only 
consider the action of the main valve, then the distribution of steam 
takes place as described in the first part of this treatise. It would 
be unnecessary to discuss this matter again were it not desirable to 
change the designations for the sake of clearness. When, in the 
valve-gear in Fig. 18 and Fig. 18a, PI. IV., the eccentricity r and 
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angle of adTance S are known for the tnaio valve S, and when the 
inside lap i and outside lap e (the latter being always smaller 
with than without an expansion- valve) are given, we proceed as 
follows : 

Describe (Fig, 41) the valve circle on OD = r as diameter, then 
describe circles with as a centre and V = e and W = » 
as radii, and determine the 
four intersections abed oi the 
three circles ; next connect 
these intersections with O, 
and the straight lijies obtained 
give tlie principal crank posi- 
tions which we will now desig- 
nate by numbers. When the 
engine-crank is at the first 
dead point, the diagram crank 
is at OBg; if we 




the latter to turn in the direction of the arrow and the cylinder to 
be at the right of Fig. 41, the piston will move away from the crank- 
shaft (and this motion agrees with that assumed in the arrangement 
shown in Fig. 18 and Fig. 18a, PL IV.)- Then crank position No. 1 
corresponds to the beginning of the expansion in cylinder end 
nearest crank-shaft, No. 2 to the beginning of compression in cylinder 
end farthest from crank-shaft. No. 3 to the beginning of exhaust in 
cylinder end nearest to shaft, and No. 4 to the beginning of 
admission in cylinder end farthest from shaft. Positions 1 and 4 
are the ones of special importance in the following investigations. 
If we now consider the action of the expansion- valve So (Fig. 18, 
PI. IV.} in a general woy, we see that this valve simply regulates 
the admission of steam to the lower valve-chest ; for instance, it may- 
be req^uired that the steam be cut off when the crank is in position 5 
(Fig, 41); the expansion therefore begins at this position although 
the main valve does not cut off the steam in the lower valve-chest 
from the steam in the cylinder till the crank has reached position 1. 
With ikis arrangement of valves the expansion is a peculiar one. 
While the crank is passing from position 5 to 1, the steam expands 
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timultaneoualy in the cylinder and lower valve-chest K, and only 
while the crank is passing from 1 to 3 does it expand in the cylinder 
alone, for not until position 1 is reached does the main valve separate 
the two spaces; at position 3 steam begins to exhaust from the 
cylinder. Now there is a certain crank position 6 at which the upper 
valve So (Fig- 18, PI. IT.) reopens the passage in the partition after 
closing it at position 5. It is evident that it is dbsdutely necessary 
that position 6 (in Gonzenbaeh's arrangement) shall fall between 
positions 1 and 4 of the crank. For if position 6 were in ß-onl of 
No. 1, steam would enter the cylinder twice during the same stroke, 
as the expansion -valve would reopen the passage in the partition 
before the main valve had shut off (at No. 1) the steam space in the 
cylinder ; thus while the crank is passing from the dead point to 
position 5j steam is admitted to the cylinder, from position 5 to 6 
expansion takes place, and from position 6 to 1 steam is again 
admitted; this is therefore an exceedingly imperfect method 
of utilising the steam, but nevertheless one which must have 
frequently occurred iu locomotives employing Gonzenbaeh's valve- 
gear. 

Moreover, crank position 6, at which the passage in the partition 
begins to open, must not fall behind position 4 ; for at the latter 
position the main valve opens the steam-port at the cylinder end 
farthest from crank-shaft, in order that the full pressure of fresh 
steam may act upon the piston at the beginning of its stroke. But 
this pre-admission would be useless if the passage controlled by the 
expansion- valve were not already open or at least beginning to 
open when the main valve opens the steam-port in the cylinder, in 
other words No. 4 is the latest possible position for No. 6. The 
angular interval between positions 1 and 4 is usually very small 
because very small outside laps are assumed for the main valve. 
Therefore as a rule the choice of position No. 6 is confined within 
very narrow limits in Gonzenbaeh's valve-gear. We shall see that 
this ia what bo greatly restricts the expansion in this valve-gear. 
After these preliminaries, we may proceed to investigate the action 
of the expansion-valve ; but in order to, at the same time, lay the 
foundations for the discussions of aU other valve-gears with double 
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yalves, and to shorten future mvestigationa, we shall first cousider 
the action of a simple flat valve, and show that the gridiron-yalve is 
only a combination of two separate valves consisting of simple flat 
plates. 

In Fig. 42 and Fig. 43, let A A represent the partition between 
the two valve chambers, and let Og represent the width of the paaaoge 
in this partition. In both cases let the expansion-valve Sü, which is 




here shown as a simple plate, occupy its middle position at B. In 
the one case (Fig. 42) this valve stands to the left of the passage, so 
that the right-hand valve edge F is at the distance s from the 
fcrthest edge E of the passage. In the other ease (Fig. 43) let the 
plate be at its middle position, and to ihe right of the passage. 
Let us now suppose that in each case the plate is moved hy an 
eccentric D^ = r^, which is keyed to the shaft with the negative 
angle of advance S^) as shown in Fig, 18a, PI. IV., the problem before 
US is simply to determine how far the valve has moved from its 
middle position when the crank has turned through the angle w, 
how much the passage in the partition is open at this instant, and 
the crank positions at which the passage is closed and reopened. 
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In an earlier portion of this treatise we found, for a Talve whose 
eccentric had the eccentricity r and angle of advance 5, the valve 
movement f for the crank angle w to be : ^ = »■ sin (w + i) ; in the 
present case the same formula applies, but we must substitute — So 
for 5 and ra for r ; the deviation fo of the expanaion-valve from the 
centre is therefore 

f. = r..m(»-ü), (106), 

and the opening a, of the passage in the partition at thia instant is 
readily found from Fig, 42 to be 

a. = »~ U (106) 

The same Fig. 42 shows us that when the valve moves to the 
right the passage is ultimately closed, but when it moves to the left 
of the middle position the passage remains open. In the arrange- 
ment assumed in Fig. 43 just the reverse obtains. 

In order to express formulas (105) and (106) graphically we 
proceed as follows (the references relate to Fig. 42). 

Erect Y perpendicular to the direction of stroke O X (Fig. 
42a) and lay off the angle Y Do = Su and the distance O Do 
Now on this distance as a diameter, describe the valve circle, then its 
radius vectors will give the distance of the valve from its middle 
position ; for example, if the crank has moved from the dead point 
O E(i through the angle Ro R, the distance P will at once give 
the valve movement fo. When the crank occupies the position Do, 
the valve will be farthest from its central position, and when the 
crank is perpendicular to O Dq, i. e. lies in the direction O It„ the 
valve will occupy its central position. Only one valve circle is shown 
in Fig. 42a, and it shows the distances of the valve to the right of 
the middle position ; the distances to the left are here of no interest, 
because we already know that, during this part of the motiou, the 
passage is wide open. 

In order to complete the diagram and construct equation (106), 
let us describe a circle from O (Fig. 42a) as a centre, and with 
OUo=OU = sa8a radius, then we at once get the distance U P = 
U — P, i. e. the opening of the passage for this crank position : 
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and this gives us a new diagram which will be employed in all the 
following valve-gears with double valves. 

Through the intersections of the latter circle with the valve eircle 
draw the crank positions 5 and 6 ; at these positions the opening of 
the passage in the partition is zero, the cutting off taking place at 
position 5 and the reopening of the passage at 6. Daring a rota- 
tion of the crank the passage is completely closed while the crank is 
traversing the distance 5-G, und open while the crank is traversing 
the distance 6-5. 

If we lay off the width a^ of the passage from U(, to 0, i. e. make 
Uo Zo = Ou, and describe with Z,, as radius a third circle, its inter- 
sections with the valve circle will give us the following. At crank 
position 7 the opening in the passage begins to diminish, and at 8 
is again completely open, remainiog so until the crank, turning in the 
direction of the arrow, again reaches position 7. In like manner 
Fig. 43a is the diagram for the valve arrangement shown in Fig. 43 ; 
only the lower circle is here employed because the valve covers the 
pasa^e only while it is at the left of the middle position. 

But neither of the arrangements shown in Fig. 42 and Fig. 43 
can be nsed alone as an expansion-gear. If we suppose both plates 
to be moved simultaneoualy hy the same eccentric, the arrangement 
shown in Fig. 42 will act correctly only during the first half of the 
rotation of the crank ; during the second half of the rotation it will 
have no effect, for steam will be continually streaming through the 
parage; with the other arrangement just the reverse obtains, this 
working correctly only while the crank is traversing the second half 
of its rotation. It is evident that it is only necessary to correctly 
connect the two cases, and this may be done in various ways ; the 
simplest and, as will appear later, the most imperfect method 
was that employed by (ionzenback. Before we enter upon this matter, 
however, the above propositions must receive an important extension, 
of which frequent use will he made hereafter. 

It was assumed in Fig. 42 that the espansion-vaive Sj, consisting 
of a simple plate, was entirely on the left of the passage ; moreover, 
it was tacitly assumed that during the motion of the valve towards 
the right, its left edge did not pass beyond the leit edge of the 
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passage ; in order that this latter assumption may be realised, the 
plate must have sufficient length. Let ua designate this length hjl, 
then the figure showa that the valve must be moved through the 
distaace I + s — aa before the left edge of the valve can stand over 
the left edge of the passage. But the greatest valve movement is u ; 
therefore the assumed case cannot occur, when 



' > ra - (a - a^), 



(107) 

The value of the right 
3ctly from the diagram 



and this condition is always easily fulfilled, 
member of this inequality can be taken d 
Fig. 42a, in which D^ = »"o and E = s - Oa. 

We will now discuss the case in which the plate, while in ila 

middle podition, completely covers the passage, as in Fig. 44. In 

order that the left edge of the valve may not pass beyond the left 

edge of the passage when the 

valve occupies ita extreme posi- 

-" i ' ' tion on the right, the condition 

J* I — g — aa> rg 



l>r, + s + a, (108) 

must be fulfilled ; and that it is 
fulfilled will be assumed in what 
follows. (In the diagram Fig. 
44a, we have D^ = r^ and 
s + «u = E, consequently I 
must be greater than D,, E.) 
Now the peculiarity of this 
arrangement consists in the nega- 
tive value of 3 ; let us again de- 
scribe from 0, Fig. 44ii, a circle 
Uo = U = s and again find 
its intersections U and Ui with the valve circle; but in the pre- 
sent case the intersection U on the negative side of the radius vector 
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corresponda to the instant of cut-oflf; if we prolong UO beyond 
O, position 5 will correspond to the beginning of expansion and 
position 6, or the prolongation of the line connecting the intersection 
U, with 0, will correspond to the reopening of the passage. 

Furthermore if we lay off Uo Zp = Oo = width of passage and 
describe the third circle from as a centre and Zo = s + «a 
as radius, we obtain the two other intersections Z and Zi, and 
connecting these with and prolonging the lines beyond 0, we get 
crank position 8 at which the passage is fully open and position 7 
at which the valve begins to close the passage. If, as may occur in 
practice, OZt,> OD^i.e. s + a^> r^, the two intersections Z and Z, 
will no longer occur ; in this case the passage is never fully open 
even when the valve is at the extreme left of its stroke. 

Tliere is another special case to which we may call attention, 
that in which the valve edge F coincides with the edge E of the 
passage when the valve is in its middle position. Here s = o and 
the two positions 5 and 6 coincide in a straight line which is per- 
pendicular to Dy. 

A comparison of Fig. 42a and Fig. 44a clearly shows the difference 
in the action of an expansion -valve consisting of a simple plate, 
according as the distance designated by s is taken positive or 
negative. The case represented in Fig. 44« does not occur in 
Qomenbaeh'a arrangement ; the object in treating it here was to deduce 
a diagram for all cases of the expansion-valve, and thus obtain 
a basis for the discussion of all other gears with expansion-valves. 

As regards Gonzenhach's valve-gear, the two cases represented by 
Fig. 42 and Fig. 43 are combined aa represented in Fig. 45. Both 
plates are shown in their middle position, are arranged symmetrically 
on both aides of the same passai/e, and are rigidly connected with each 
other, being driven by the same eccentric TaS^. Between the two 
plates there is a rectangular passage F F' = a', and they therefore 
constitute a special kind of valve, the so-called ported-valve. But 
from what has preceded and what follows it seems best to regard 
Gonzenhach's valve as a (ico-^ari one. If we designate the distance 
F P' between the two inner valve edges by d and the width of the 
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3 ia the paitition by Uq, then the distauce F E 
degignated by s, may be obtained from the formula 

._«_!_ "' ~ "p _ °» + '^ 



= FE', formerly 



(109) 




Now if the two values «o ^^id a' are given and the eccentricity r„ 
and the negative angle of advance S^ are known, we get the diagram 
represented in Fig. 45a when 
^^°- ^^- lie superimpose Fig. 42a 

and Fig, 43a. We need no 
further esplanation to per- 
ceive that Fig. 45a will 
give us the following re- 
sults. 

Describe the two valve 
circles Do a^d O D^', also 
two other circles from as 
a centre, and with 



OZoi 



as radii ; the diagram is 
then complete. IF the 
crank stands in position 
I!o Jit tlis first dead point and from there moves in the direc- 
tion of the arrow, the distance Uq Po will give the opening of the 
passage at the beginning of the stroke ; at the crank position 8' the 
passage is fully open, at position 7 the opening begins to oloae 
and at position 5 it is closed, expansion of the steam beginning here. 
The passage remains closed from position 5 to 6, at 6 it opens, and 
when the crank reaches the second dead point the opening is again 
equal to Up Po- The same occurrences are repeated in the second 
semicircle. For fixed expansion, i. e. for the case in which all the 
separate parts here considered are invariable, the preceding discussion 
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has settled all questions connected with GonzenhacWs valve-gear ; if, 
however, the problem were to examine an existing valve-gear, the 
question might still remain whether crank position 6 fell between 
positions 1 and 4, a question which was examined in connection with 
Fig. 41. It is worthy of notice that, in Oonzenhach's valve-gear, the 
expanaion-valve eccentric may be set 180° from its assumed jiosition 
without altering at all the distribution of the steam, for we see that 
the diagram is not altered thereby. The eccentric Do in Fig, 18a, 
PI. IV., can therefore be also brought into the dotted position DJ. 

The question now remains how a variahle expansion can be 
obtained by Gonzerihach's valve-gear ; the problem here is to vary 
crank position 5 or the valve circle Do or the circle described 
with O Uo as a radius, and this variation must be efiected while 
the engine ia running if the arrangement is to be a practically 
nsefnl one. 

The variations above mentioned involve only three quantities, r^, So, 
and s ; if any one or several of these be varied, the ratio of expansion 
will vary. As the distance Ug = s (Fig. 45a) depends on the 
width a^ of the passage and on the distance a' between the inner 
edges of the opening in the valve, we can vary one or both of these 
quantities ; we see from this that a whole series of different arrange- 
ments may be devised and that our simple diagram indicates how 
new valve-gears may be invented. But all sach efforts would be 
useless in connection with Gonzenbach's valve-gear, for this gear is, 
under all circumstances, unsuited for variable expansion, the varia- 
tion being confined between too narrow limits. This is easily seen. 
Every shifting of crank position 5, whether effected by varying 
f»t Soj '^Q or a', corresponds to an equal shifting of crank position 6. 
Now in discussing Fig. 41 it was shown to be absolutely necessary 
that position 6 should fall between positions 1 and 4 prescribed by 
the main valve, and as the angle formed by these two positions is 
always small, the shifting of position 5 for the purpose of producing 
variable expansion must always be confined within very narrow 
limits. 

Consequently Oonzenhach's valve-gear cannot be recommended 
when it is desirable to produce variable expansion, and we find that it 
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has been rarely employed. Of the different methods of varying the 
expansion mentioned above, only one was employed by Gonscenbaeh, 
and that consisted in varying the eccentricity r^ es foUowa 



The shaft carries the eccentric D = rfor the main valve and 
the eccentric Dp for the expansion- valve ; the eccentric-rod Do Cj 
of the latter is jointed at Co to a link C C,, which swings abont the 
fised pin C ; the radins-rod L M, which drives the stem L of the 
expansion- valve, can be clamped to any part of the link. 

If the crank is moved from the dead point through the angle a, 
the end Co of the link will have moved from its middle position the 
distance r^ sin (w — So), and the point M of the link, which lies at 
the distance « from the fulcrum C, will have moved the distance 



^" = ; 



a (a, -8 



(110) 



from its middle position, c representing the length C Co of the link. 
The above expression at once gives the movement of the expansion- 
valve. The diagram Fig. 45a is also applicable, but in this case the 

diameter of the valve circle must be equal to - j-o, i. e. it must vary 

with the position of the radius-rod L M relatively to the link Fig, 46; 
every position of M has a special valve circle and every circle has a I 
particular position for the crank directions 5 and 6. An example I 
will illustrate more clearly what has been said. 

In a valve-gear arranged as in Fig. 18a, PI. IV., we have for the J 
main valve the eccentricity r = 0"0675" (2'66"), the angle at\ 
advance S = 18°, and the outside lap e = O'Olß™ (0'63"). 

On the other hand, for the expansion-valve the eccentricity 
U = O-OÖTö" (2-66'), the negative angle of advance 3» = 18°, thl 



k 



GONZENBACH'S CUT-OFP GEAR. 191 

■width of opening in expanaion-valre a = 0'0325'° (1'28"), and the 
■width of the passage in the partition «o = 0'025'° (0'98"). 

We are to ascertain whether these assumptions are allowable and 
what ratio of expansion these data will give. 

Lay off from the vertical Y, Fig. 19, PI. IV., the angle of 
advance Y D = S, make D = r and on it as a diameter describe 
the valve circle ; moreover, with the outside lap V = e describe the 
lap circle ; intersections V and Vi then give the crank positions 1 
and 4, At the former position the main valve closes the port for 
admission, at the latter the valve reopens the port, the crank turning 
in the direction of the arrow. 

Also lay off from the vertical Y the negative angle of advance 
T Da = So, make Do = ro and on it describe the valve circle for 
the expansion- valve. Now determine from eciuation (109) the distance 
F E = F' E' = s (Fig. 45), then we have 

g= ^L±^' =0-02875°(l-13"). 

With this distance as a radius and as a centre, describe a circle, 
the intersections Uj and U give the two crank positions 5 and 6 ; at 
the former ei^annon begins ; at the latter the passage reopens and 
we see that the arrangement is practicable, for position 6 falls 
between 1 and 4, as required by the conditions considered iu connec- 
tion with Fig. 41. If in addition we describe a circle from as a 
centre and Bo = 0-050" {1-97") as a radius, this will represent 
the crank-pin circle, and the parallel Lo L to E,, R wi'i represent the 
piston stroke whose length is 0-100 (3'94"), 

If we drop from the crank-pin corresponding to position 5 a 
perpendicular It, L, on to the direction of the stroke, L, will repre- 
sent the piston position at the beginning of expansion and the length 
Lo Li expressed in decimetres gives the ratio of expansion ; the 
measurement of the figure gives for this value ■ 135. 

Iist us extend the consideration of this problem by assuming 
that the ratio of expansion 0'200 is to be produced without altering 
the eccentricity ra and the angle So; for this purpose make 
Lj L' = 0-020" (0'79"), drop a perpendicular from L, and prolong 
it till it intersects the crank-pin circle at Bs and draw the crank position 
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Ej ; then the distance V gives the value of s corresponding to the 
given ratio of expanaion. By measurement we obtain from Fig. 19, 
PI. IV., the value U, = s = 0-0385" (1-52"). If the width a, of 
the passage is to remain constant, we can alter the width a' of the 
opening in the expansion-valve so that equation (109) will be satisfied ; 
then for the given ratio of expansion we find the width a' = 0"052' 
(2-05"). 

To give another example, let us assume that the valve-gear is to be 
arranged for variable expansion and that the espansion-valve is to be 
moved by a link as in Fig. 46 ; the construction given in Fig. 19, 
PI. IV., is applicable, and the ratio of expansion 0* 135 found above 
corresponds to the case in which the radiua-rod L M is lowered as 
much as possible, the block M falls to C,, and « = c in equation (110). 

Now if the radius-rod is Ufled, the diameter Da' = - n of the 

c 

expansion-valve circle becomes smaller and the points of intersection 
U, and U approach nearer to U" and U', the centres of the valve 
circles, corresponding to the different values of m, all lying on the 
line D||. There is a minimum value of u below which we must 
not go if we do not wish to have the steam enter the cylinder twice 
during a stroke of the piston ; the dotted circle in the figure with 
diameter D^' corresponds to this value of u, for here the crank 
position 6 just coincides with position 1 ; as this determines the 
intersection U' and as the circle in question passes tlirough O and its 
centre C lies on the line Do, it is easy to find its diameter O D,,'; 
if the diameter were taken smaller the intersection XT' and conse- 
quently the crank position 6' would fa.\\ in front of position 1, and 
that is not allowable. Moasurement of the distance Da in Fig. 19, 
PI. tV., gives ■ 0365" (1 ■ 44"), consequently 
"r, = 0-0365"'(l-4r); 
from this follows, since n = ■ OeVS" {2 ■ 66"), ' 

- = 0-541, 

this will be the limit of the ratio C M : C C" (Fig. 46), and the slide- 
block M must not be moved nearer to C. Moreover, for this limiting 
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valve the intersection U" (Fig. 19, PI. IV.) gives the crank position 
O Es and the piston position L3 at the beginning of the expansion ; 
the distance Lo L3 gives the ratio of expansion 0'330. A greater 
cut-ofl" is not possible nnless the radins-rod is lifted so far that the 
block M comes close to the fulcrum C of the link ; tiie expansion- 
valve is then entirely out of action and the main valve works 
alone. 

In the present valve-gear the cut-off or ratio of expansion can 
only vary between the values ■ 135 and ■ 330, and these limits lie 
very close together. It is readily shown that varying the assumed 
dimensions will but slightly alter the result, and that in practice 
instead of Gomenbach's valve-gear it is better to employ others which 
allow of greater variation of the expansion. 



CHAPTER n. 

Geokges' Cot-ofp Gear. 



Qeorges' valve-gear is represented in section in Fig. 20, PI, IV. ;* 
the middle portion S of the main valve has exactly the same form as 
the main valves hitherto examined. The valve is here extended on 
both sides, the additions Sj Sj forming two steam-ways a a. 

On this valve rests the plate cc containing two rectangular open- 
ings, and on this plate is a second one d d, which is rigidly attached 
to c c and at the same time separates the valve-chest into an upper 
taid lower chamber. 

The upper plate d d also contains two rectangular passages o^ <h . 
which may be enlarged and contracted at pleasure by moving the 
two parts nn of the plate either toward or away from the centre; 
an arbor I passes through the upper cover of the valve-chest, and the 
inner end of the arbor carries a small toothed wheel p, which gears 
into two racks, one of whicih is fastened to one plate and the other 
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to the other plate (see plan given in Fig. 20a). By tnming the 
arbor I, the plates recede from or approach each other, thus contract- 
ing or enlarging the passages a^ a„ at will, and effecting the variable 
expansion. In order that the position of the plates and, conse- 
qaently, the degree of expansion may be indicated on the outside, 
the arbor I has a disk q, vhich is graduated at the circumference; 
the index c fastened to the Talve-chest then indicates the degree of 
expansion. 

The expansion- valve as well as the main valve is here represented 
in the middle position ; the former consists of a frame whose cross- 
plates So Bo in a certain sense constitute two separate but rigidly 
connected expansion-valves which are driven by the same eccentric. 

Theoretically, Georges' valve-gear fulfils all the conditions of a 
perfect expansion-gear, for, when properly arranged, all degrees of i 
expansion from zero to full stroke can be produced ; it is only in , 
constructive features that it is excelled by other valve-gears, here- 
after to be described. This valve-gear avoids all the defects of 
Oonzenbach's gear because the main valve possesses two separate 
steam-ways a a, each of which receives steam from above ; each of 
the two expansion-valves So So controls the supply for one of the 
steam-ways, The left-hand expansion-valve So only regulates the 
cut-off for the left steam passages o, of the cylinder, and the right- 
hand valve So regulates the cut-off for the cylinder passage o, on the 
light. 

Gonzenbach'a gear is quite different ; there the steam admitted to 
the lower steam-chest by the expansion-valve, spreads itself to both 
sides of the main valve, and consequently the expansion- valve 
must shut and reopen the passage in the partition at the right 
moment for both cylinder passages o, and Oj. From the discussion 
connected with Fig. 45 and Fig, 45a we obtained the rule that after 
the passage in the partition has been closed by the expansion-valve 
at crank position 5, it must be reopened between positions 1 and 4 ; 
crank position 6 must lie behind position 1 and in front opposition 4, 
in order that live steam may be admitted just before the beginning 
of a new stroke. This causes the ratio of expansion to be c 
within such narrow limits in GojiÄe?*6acÄ's valve-gear. 
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Tiie circumstancea are mncb more favourable in Georges' valve- 
gear. Let us consider the left half of Fig. 20 (PI. IV.), we may 
then easily deduce the following. 

If the Bteam-piston moves toward the crank-shaft (from left to 
right in tlie figure), the main valve will be shifted to the right and 
the passage Oi in the cylinder will be opened ; in the first portion of 
the stroke, the expansion-valve S,, also opens the passage a« ; at a 
certain piston and crank position (5) the expansion-valve closes the 
passage and expansion begins; later on (at 1) the main valve S 
closes the ateara passage o,. 

Bat as regards the reopening of the passage Oa by the expansion- 
valve, we see that it need not take place till the piston is tm the 
return stroke and is near the left end of the stroke, i. e. till the crank 
has described nearly the whole of the second semicircle. 

Consequently we obtain {Fig. 45a) incomparably greater room 
for crank position 6 than in Gonzenbach's arrangement. In the latter 
we have the condition that position 6 must fall between positions 1 
and 4, but in Georgen' gear we have only the condition that position 6 
shall fall behind position 1 ; position 4 for the forward strobe need 
not be taken into account, but instead, we take into account position 4' 
(prolongation of 4 beyond 0) in the return stroke. In Oonzeniaeh's 
valve-gear the expansion- valve keeps the passage a^ (Fig. i5a) closed 
while the crank is passing from 5 to 6, but in Georges' ge&'r the 
passage la closed while the crank (turning in the direction of the 
arrow) traverses the long distance from position 1 to position 6' in 
the second semicircle. 

A closer examination of all double valve-gears, in which the 
motion of both valves is caused by eccentrics, shows that all gears 
can be divided into two groups whose difference consists in what has 
jnst been mentioned. Only Georges' gear and those which can be 
reduced to it, can be regarded as gears in which every degree of 
expansion can be obtained. It also readily follows from what has 
been said that in such geara the negative angle of advance S^ 
(Fig. 45a) has much greater freedom of location ; it can be chosen 
much greater because the intersection of crank position 6 can lie 
anywhere in the second semicircle. Georges' assumed the angle 
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Sa = 90", and this value is particularly appropriate for the case in 
which the engine is to work with the same perfection, as regards 
variation of expansion, whether it is running forward or backward. 
As regards a special investigation of the action of Georges' gear by 
the aid of the diagram, we can eay that in reality this matter waB 
settled when the arrangements represented in Figs. 42, 43, and 44 
were discussed. It will therefore sufBce to show in a special case how 
we may determine the degree of expansion from the position of thfl 
plates n n (Fig. 20, PI. IV,) and vice versa. 

Let X (Fig. 205, PI. IV.} represent the direction of the valve- 
stroke and Y the vertical through the centre of the shaft, and let 
O D represent the eccentricity of the main-valve eccentric and 
D Y = S the angle of advance ; on the other hand, let the eccen- 
tricity O Do =5 ?■(, of the expansion-valve eccentric for the negative 
angle of advance S^ coincide in direction with X, for, like Georges, 
we will assume the negative angle of advance Bf, = 90°. 

Now let the eccentricity of the main valve be »•=0"040° 
(1'57"), the angle of advance 8 = 15", and the outside lap e = 
O'OOSS" (0'33"); the intersection V of the lap circle with the valve 
circle D (Fig. 21, PI. IV.) gives the crank position I at which the 
main valve cuts off steam. Moreover, let Dj = r = 0-040'° (I -ST") 
be the eccentricity of the expansion eccentric, and on this as a 
diameter describe the valve circle. 

For any position of the plates n (Fig, 20, PI. IV.), the distance 
between the edges F and E will always be measured when the 
expansion-valve is in the middle position (see also Fig. 42) ; we will 
again designate this distance F E by « and will describe in Fig. 21 a 
circle from aa a centre and with Ü = s as a radius ; the two 
intersections XI and Uo with the valve circle, when connected with 
by a straight line, give the desired crank positions. At position 5 
the expansion-valve cuts off the steam and the expansion begins, at 
position 6 the passage reopens ; usually it is only the first crank 
position that is of interest. 

It is now easy to understand the followmg remarks. 

If we draw the plates n (Fig. 20) together till the distance F E 
= 3 is identical with U, in Fig, 21, the expansion and main valves 
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will cut oS" simultaneomly ; if the plates were drawn still closerj the 
upper valve would cut off later than the lower one, and finally if the 
diatanee s were taken greater than Do (Fi^. 21), the expansion- 
valve would not cut off at all, for it would be out of action because 
it would allow steam to flow throagh continually. Of course the 
greatest distance F E = a will, in practice, be always taken smaller 
than Ui (Fig. 21). 

Now if the plates « be gradually separated, the distance F E = s 
will become smaller, the intersection U (Fig. 21) will travel along the 
valve circle D^ and continually approach 0, the steam being cut 
off earlier and the ratio of expansion becoming less. 

If the plates are separated till E comes under F (Fig. 20), we 
shall have U = s = and the ratio of expansion 1:2. If the 
plates are separated still further, we shall have F E = 3 negative 
and shall have the case discussed in Fig. 44. Our diagram remains 
unchanged. For example, if the edge E (Fig, 20) were at the left 
of F by the distance U = Uo = s (Fig. 21), then the crank 
directions U and Uq would exchange their significations; if we 
prolong these directions beyond 0, expansion begins at position 5' 
and the passage reopens at 6'. If the plates n could be separated 
BO far that the negative value F E = 3 became identical with Do = 
Va (Fig. 21), the expansion-valve would cutoff steam at the beginning 
of the stroke, but there is no practical necessity for so doing. 

Now let us settle the opposite question and assume that in the 
present valve-gear the ratio of expansion is 1 : 10, and for this 
determine the required position of the plates. We then proceed as 
follows : 

From (Fig. 21) as a centre and OR = 0-05= (1-97") as a 
radius, describe the crank-pin circle and draw the line L Lo 
parallel and equal to the distance E Ep ; make the distance L Li = 
O-'Ol" (0'39"), through Lj draw a vertical to R, on the crank-pin 
circle and prolong the crank position Ri beyond to its inter- 
section U' with the valve circle D^. The distance OU' = 0'032°' 
(1-26") represents the distance that the edge E (Fig. 20) of the 
plate n must be to the left of the edge F of the expansion-valve, in 
order that the required ratio of expansion 1 : 10 may obtain. 
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This settles all questiooe connecteii with s given val' 
Georges type ; we might now add rules for designing a n 
of tliis kind, but we will Dot enter into this question because, with 
the aid already given, the thoughtful designer can have no difEculty. 
We simply mention that in practice the npper and lower limits of 
expansion are always given. Then if the eccentricity D, = r» 
(Fig. 21, PI. IV.) has been chosen, we know the greatest positive and 
the greateat negative value of the quantity Ü = s ; the sum of the 
two gives the total shifting to be communicated to the plates n 
(Fig. 20), and from this we can easily determine the length to be 
given to the plate n and also the width Og of the passage. With 
eqnal ease we can determine the required length of the plates So So of 
the expansion-valve itself, a matter which has already been diecusaed 
in connection with Fig. 44. 

It is worthy of mention that with Fig. 20 and the diagram in 
Fig. 21 , PI. IV., other valve-gear arrangements can be readily devised. 
Instead of contracting and enlarging the passages a^ ao by adjusting 
the plates n n, i. e. 6y varying the value of s, we could, for example, 
festen the plates n n and make the valve-plates S,, So movable ; the 
diminution of s would then occur when tlie valve-plates were drawn 
together ; or we could bring the plates So S^ together at the middle so 
that the outer edges would regulate the admission, the increase of 
ex{)ansion being effected by separating the plates ; in this case the 
eccentricity Do = n (Fig. 206) would have to be set 180' in 
advance of the position before assumed. It is also easy to see that 
the expansion can be varied by varying the amount and position of 
the eccentricity O Do = r^,. Valve-gears of the kind just mentioned 
have not thus far been executed. 
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SECTION 11. 

EXPANSION-VALVE ON THE BACK OF THE MAIN VALVE. 



CHAPTER I. 

BRivAL'a CüT-OPP Gear. 

In BrevaVs gear the two valves are in the same valve-chest K 
(Fig. 22, PI. T.). The main valve S has here but little outside lap, 
and is, to a certain extent, surrounded by a case in which the steam- 
way a a conducts the steam to the ends of the valve whenever the 
opening a! of the expansion-valve Su stands over the opening Oq i'' 
the lower valve. If we imagine that the lower valve is fixed and 
that only the upper one moves, the admission and cutting off of the 
steam will take place as in Gonzenhack's valve-gear (Fig. 18, PI. IV.) ; 
but as the lower valve does move, it is evidently the relative motion 
of the upper valve to the lower one that is required. We must first 
determine this motion, for it is needed for the discussion of all the 
valve-gears examined in this Section. 

The two eccentrics which communicate motion to the two valves 
are fastened to the shaft as shown in Fig. 22a, PI. V, ; r is the eccen- 
tricity of the main eccentric, T D — S its angle of advance, r^ the 
eccentricity of the expansion eccentric, and Y D^ = S,, its angle of 
advance. In determining the relative motion of the expansion-valve 
with reference to the main valve, we may at first entirely disregnrd 
the form of the valves. Let ua suppose that on the upper surface 
A A (Fig. 47a) there slides back and forth a plate B driven by an 
eccentric D = r having the angle of advance S (Fig. 48) ; suppose 
that on this plate B there slides a second plate B^ driven by the 
eccentric !)„ = r„ having the angle of advance Y O Do = 5,,; 
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the valve circles described on the eccentricities D and O Do 
will then separately give the absolute motion of their respective 
plates. In Fig. 47a hoth plates are shown in their middle position, 
which is only possible when they are detached from their eccentrics. 




Now if we suppose them connected with their eccentrics and the i 

latter to be turned with the crank through the angle w, then for this ' 
crank angle we have {Fig. 476) 

O B = S = r sin (S + Ü.) 

for the movement of the lower plate from its middle petition, and at 
the same instant the movement of the upper plate is 
B„ = S„ = r„ Bin (8, + o.). 

The relative distance or movement of the upper valve with refer- 
ence to the lower valve is B Bg , as a glance at fig. 47fc shows ; if we 
designate this relative movement by f„ we have 

£. = ^» - J, 
or, according to the preceding equations, 

S, = ro sin (4 + «,) - r sin (S + «.), 
or after simple reduction, 

$, = (ro sin 8„ - r sin 8) co« tu - (r cos 8 - r^ cos 8^) sin m. (Ill) 
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This equation gives for any crank angle w the relative motion of 
the up^ plate vnth reference to the lower, or of the espansion-valve 
with reference to the main valve ; we do not therefore alter the 
relatire motion if we regard the lower plate as stationary and the 
upper one moved cuxording to the law given by the above equation. But 
this law IB very simple, for the equation ia again the polar equation 
of a circle, the coefficients of cos m and sin w being couetants. 

If we lay off on X the value 

OE'=OE, = ro8inSo-r8in8 = A 
(Fig. 48), and on Y the value 

F' = F, = r cos S - ro COB 5o = B, 

and describe circles through the two sets of points F" E' and F^ Ej, 
we shall get valve circles whoso radius vectors give the movement 
of the upper valve relatively to the lower valve for any crank 
position. 

The relative motion is therefore exactly as if the lower valve 
were stationary and the upper were moved by an eccentric whose 
eccentricity DJ = r^ is fastened to the shaft with the angle of 
advance D; F = T X = Sj. 

We shall call these two valve circles, which respectively repre- 
sent the positive and negative movements of the apper valve 
relatively to the lower, the relative valve circles, and the value 
O Dj = ra we shall call the relative eccentricity ; usually it will be 
necessary to describe only one valve circle O Dj. 

Moreover, the relative valve circle can easily be found without 
any calculation whatever. If (Fig. 48) we let fall from the ends D 
and D^ of the eccentricities O D = r and O Do = re, perpendiculars 
on the axes X and Y, we have 



Do Fo = O E„ = 



and 
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DE = OF = ro 




EXPANSION-VALVE ON BACK OF MAIN VALVE. 



accordingly, 
and 



and 




k 



It now follows from the above, that 

E, = E Eo 

F, = F Fo. 

The diagonals O D^ and D„' of the two rectangles constrncted on 
these distances are then the required diameters of the relative valve 
circles ; they represent the relative eccentricity r^ and their positioa 
gives the negative angle of advance T D^; = 8i, but we see that 
the distances D, and Di' are simply the second sides of ttco 
parallelograms comtrueted with the given eccentricities D = r and 
Dfl = rp ; either D or Do may be taken as the diagonal, in 
the first case Dj, will be the second side, in the other case D„', 
but these sides are equal and opposite. 

We now perceive the simple connection between the two prin- 
cipal kinds of double valve-gears discussed in this and the preceding 
Section. 

If we compare Fig. 48 with Fig. i5a, we see that in both cases 
we have the same diagram ; the difference is simply that the 
eccentricity ro must be fasteued to the shaft with a negative angle of 
advance when the expansion- valve slides on a stationary plate, as in 
GonzerAoßh's and Georges' gear, and that in place of Do = r, 
(Fig, 45a) we have the relative eccentricity D^ = r, (Fig. 48) 
whenever the upper valve moves on the lower one. Therefore if we 
have a Breval's valve-gear, in which the relative eccentricity O D» 
(Fig. 22a, PI. V.) is equal in magnitude and position to the eccen- 
tricity Do of the expansion eccentric (Fig. 18a, PI. IV.) belonging 
to GiynxeTibach's valve-gear, and if the widths of the openings 
a' (Fig. 22, PI. v., and Fig. 18, PI. IV.) are equal, then the two valve- 
gears will have exactly the same distribution of steam, provided the 
main valves have the same laps and are both moved by eccentrics 
having the same eccentricity and the same angle of advance. We 
might therefore repeat for BrevaVs gear, all that was said in con- 
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nectiou with Fig. 45 and Fig. 45a. It t'ollows that BrevaVs valve- 
gear possesses in the aame degree, all the imperfections mentioned 
in connection with OomenhaeJis gear, and is, consequently, as little 
to be recommended. Moreover, the example represented by Fig. 19, 
PI, IV., can also be transferred diiectly to Breval's gear ; if, for the 
latter gear, the distance Do in this figure is to represent the 
rdaiive eccentricity, we must take the eccentricity of the expansion- 
valve D Do = D; = ■ 042- (1 ■ 65"), and must fasten the eccentric 
with an angle of advance of 90^ These indications must sufGce, for 
BrSvaVs gear was only mentioned as a companion piece to Gonzenhaeh'i 
gear, for the sake of completeness; in like manner the following 
valve-gears will show that they are companion pieces to Qeorgea' 
much more perfect valve-gear. 



CHAPTER II. 

" Poloncead's " (or Borsig's) Cdt-off Geab. 

DiPPERENT arrangements of this gear are much used, the difference 
in the arrangements consisting in the manner in which the ex- 
pansion is varied. A few of the most important cases will be 
discussed in what follows, but these will be preceded by an examina- 
tion of the simplest case, in which there is fixed expansion. 

Fig. 23, PI. v., shows the arrangement of the valves of this gear, 
both valves being regarded as detached from their eccentrics and at 
the middle position. The ordinary valve S is provided at each 
end with additions which create the two steam-ways «o »o ; on this 
valve slides the expansion-valve Sp, which consists of a simple plate 
and passes over the steam-ways alternately. The eccentrics are fastened 
to the driving shaft as in BrevaVs gear, Fig. 22a, PI. V. The valve 
arrangement is again given in Fig. 49, the length of the expansion- 
valve is F Fl = 2 Z and its outer edges are at the distance F E = 
Fl E, = s from the outer edges of the steam-ways. Here, as in 
Georges' valve-gear, it suflScea to examine the distribution of steam 
on one side, and the main problem is to find the crank positions at 
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which the steam-way »o is closed and reopened by the expansion- | 
valve (positions 5 and 6 according to our former notation). In a 
given valve-gear, moreover, we must see whether the condition is 
fnlfilled, that position 6 shall fall behind position 1 (see p. 182). 




For example, if, in an existing valve-gear, there were given the 

eccentricity r = ■ 040"° (1 ' 57") of the main eccentric, the angle of 
advanced = 15'',theeccentricityro = 0'045"(l'77")üftheexpansion 
eccentric, the angle of advance So = 85°> the outside lap e = " 0085" 
(0 ■ 33") of the lower valve, the width of the steam-way «„ = ■ 020" 
(0-79"), and the distance FE = 8 = O-OSO™ (1-18"), then we could 
determine from what has already been said, the distribution of the 
steam as follows. Construct the parallelogram (Fig, 24, PL V.) on 
the two eccentricities D = r and Dj = ro ; its second side O D, 
= r, is then the relative eeoentricity and the circle described on it is 
the relative valve circle which represents the motion of the upper 
valve relatively to the lower one. Now if we describe a second 
circle from as a centre and O Uo = 8 as a radius, we get the two 
intersections U, and U^ ; crank position 5 passes through the former 
and corresponds to the instant at which cut-off or the beginning of 
expansion takes place ; crank position 6 passes through the other 
point of intersection Ua and corresponds to the reopening of the 
eteam-way üq. Adding the diagram for the main valve, crank 
position 1 corresponds to the instant at which the main valve closes 
the steam passage in the cylinder. As position 6 is here behind 
position 1, the valve-gear is a practicable one; moreover, 0'435 
represents the ratio of expansion for crank position 5, aa may readily 
be proved by constructing the corresponding piston position. Finally, 
the valve-link 21 must satisfy tlie condition that the following ot 
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back edge of the valve shall not stand o 



r the 8 



e steam-way when the 
valve is at the extreme end of ita travel ; but the greatest relative 
movement is r^, hence we mnst, aa Fig, 49 at once shows, have 

2 i -j- ■ - do > »■„ 
or the whole length of the plate must be 

a condition always easy to fulfil. 

The consideration of Polonceau's valve-gear may be immediately 
followed by that of Boraig, an arrangement employed on numerous 
Barsig locomotives. This valve-gear is closely related to that of 
Polonceau, and their diagrams are identical as we shall see. 

If in Fig, 49 wo suppose the expansion-plate F Fi to be divided 
in the middle and the two parts So S,, to be arranged for the middle 
position, aa shown in Fig. 50, we shall have Borsig's valve arrange- 
ment, the distances of the inner edges FFj of the plate from the 
inner edges E and E, of the steam-ways being F E = F, E, = s. We 
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that the expansion valve is an open one like that of Georges, but 
the latter slides on the stahojiary cover of the lower steam-chest. It 
has been already mentioned in connection with Georges' gear, that 
the plates can be united at the centre, and the outer edges instead 
of the inner one'3 be the coatroUing ones It was there stated that 
with this variable arrangement (whi^h, so far as we know, has not 
been constracted), it is simply necessary to change the position of 
the expansion eccentric in Georges' valve-gear 180°. This is exactly 
what mast take place in transforming Poloneeau's gear into that of 
Borsig ; but here it is the relative eecentricity which is shifted 180°, 
and tliis is effected by choosing another eccentricity for the expansion- 
valve and another angle of advance, the following considerations 
serving as points of departure. Let us assume that in Polonceau's 
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valve-gear we have laid off the eccentricities r and r^ in the manner 
described above, oamely, by couBtrueting a parallelogram on D as 
a diagonal, then Dj, will be the relative eccentricity r^ ; let ue also 
aßsume that for the same main valve we are to so construct Bortig't 
arrangement (Fig. 51) that with the same value of s, the same 
distribution of steam will be 
'"■ ^ effected, as in Poloneeau's gear ; 

then the relative eccentricity 
O D, must be shifted 180°, i. e. 
muat occupy the position OD,'. 
Now construct on D,' aa a 
side and OD = r a8 a diagonal, 
a parallelogram OD^' DDi, then 
O D| = r, is the anutwit and 
position of the eccentricity of the 
eecentric which must govern ihi 
expansion-valve in Borsig't 
arrangement. In genera!, as in 
the present case, the eccentricity r-^ of Borsig's expansion eccentric is 
different from r^ in Polonceau's gear, and besides, the former is 
fastened to the shaft with a negative angle of advance S, and the 
latter with the angle of advance Sg. If we describe on U D, as a 
diameter, the relative valve circle, and from O as a ceDtre and 
U = 8 aa a radius a second circle, and suppose the diagram crank 
to turn in the direction of the arrow, the diagram in Fig. 51 will 
apply to both Foloneeaus and Borsiff's arrangements, consequently 
there is nothing new to be said with reference to the latter. We 
may remark that in Borsig's locomotives the main valve is driven by 
Steplienson's link-motion with crossed rods, and the expansion -valve 
by the back eccentric through the medium of a double-armed lever. 
But when the locomotive is reversed Borsig's expansion-gear will not 
work, which is not the case »ith Polonceau's gear as applied to I 
locomotives and as described below." 

* Boriig'i looomotiTB yalve-gaar liaa been discuBsed wilh the aid of our diagnua, by J 
Lehman«, in an article entitled "Die Boriig'aeh LcxwmotiTBtenening," in tha 'Oigui I 
lot die Fortscbritte dee Eisenbahnwesens,' 1S58, Bd. liii., 8. 241. 
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Let OS return to Polonceaa's gear, and discuss the important 
problem of the means to be employed to produce variable expanaion. 

We may vary the expansion by varying any one of three quanti- 
ties, namely, the eccentricity r^ of the expansion eccentric, its angle 
of advance So, or the quantity F E = s (Fig. 49). The quantity s 
may be varied in either of two ways ; one way is to make the width a, 
(Fig. 49) of the steam-ways variable (aa in Georges' gear), but this way 
has not thus far been employed in practice on account of its con- 
Btmctive difßeuhies ; the other way is to make the length F F, = 2 Z 
of the plate variable. This can bo accomplished by dividing the plate 
in the middle and arranging the two parts so that they can be set at 
any desired distance from each other ; this arrangement is known as 
Meyer's gear and will be examined hereafter. 

Let us now examine the method of varying the expansion by 
Tarying r^ and So, the quantity « being assumed as constant. This 
method was the one followed by Foloneeau, and has recently been 
further developed by Guinotte. Here it is a question of simultaneously 
varying both quantities, and the law of this variation will depend on 
the mechanism which governs the motion of the expanaion- valve ; the 
case in which orUi/ the angle of advance 8,, is variable, constitutes a 
particular case of the general one. The arrangements designed by 
Foloneeau and Guinoite, when examined by the aid of our diagram, 
can be referred to the following general proposition. 

If, as before, D (Fig. 52) is the eccentricity r of the main 
eccentric and 8 the angle of advance, and if we assume that these two 
quantities are invariable, but tiiat the eccentricity OT)o — r^ and the 
angle So of the expansion eccentric are variable, then we can imagine 
a mechanism which will vary r„ and S,,, while the machine is running, 
in such a way that the end D„ of the eccentricity r^ will traverse the 
curve Md Mj,. Every different position and magnitude of the eccen- 
tricity D then corresponds to a particular position and value of the 
relative eccentricity ODj; according to the above this is simply 
the second side of a parallelogram described on D as a diagonal and 
Dg as a first side. The end D, will therefore traverse a second 
curve Mi M^ whose course can easily be determined when the first 
curve Mo Mo is given. 
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If from Do we drop the perpendicular Do En on to the horizontal 
O X, the distancea E, = as and Eo Do = y can be regarded as 
co-ordinates of the point D,, of the curve Mo Mo, and we may suppose 
the carve to he given analytically by an equation expressing the 
difference between x and y. 
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If we now draw, through the end D of the fixed eccentricity O D of 
the main valve, the line D X, parallel to X, and let fall from D, the 
perpendicular D„ E^ on D X|, we may regard the distances DB« 
and E, Di as co-ordinates of the fourth vertex D^ of the parallelogram. 
The figure at once shows that D E„' = E« = a and D,E^ = Do Eo = y, 
and from this follows the proposition that under all circumstances the 
curve Mr M,,, traversed by the end Da of the relative eccentricity, is 
like the curve Mo Mo traversed by the end Do of the eccentricity O D, 
of the expansion eccentric. But the co-ordinates of the points of the 
second curve have signs which are the oppoaitea of those of the firat 
curve, and the origin of co-ordinates of the second ia at D while that 
of the first is at 0. 

If from O we draw radius Tectors D, to difierent points of the 
curve Mi M^, and bisect these vectors, connecting the points of 
bisection by a line, we shall obtain a new curve N N containing the 
centres Cofthe relative valve circles; this curve is similar to the given 
curve Mo Mo. The curve N N ia the one which will principally engage 
our attention, and we will call it the relative curve of centres ; in the 
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systems thus far constructed {Polonceau's and Quinotte's) the curves are 
of very simple character, for the original curve Mo Mo ia a straight 
line ; the curves M,, M,, and N N are therefore straight lines also, and 
are parallel to the line Mo M,,. 

Before investigating these valye-gears we will discuss one special 
case which occurs in stationary engines and differs from the ahove- 
mentioned gears in that the curves are not straight lines but circles. 

Thus we can vary the expansion by turning the expansion eccentric 
on the shaft ; in this case the eccentricity Do = /o ia invariable, 
and only the angle of advance 8p is variable. The curve Mo Mo in 
Fig. 52 then becomes a circular arc described from the shaft centre 
O with a radius D,, = r^. Moreover, we know from what has pre- 
ceded that the curve M, M^, traversed by the end Dj, of the relative 
eccentricity, is likewise a circle having the radius D D^ = ro described 
from D as a centre. The relative curve of centres is then, evidently, 
a circle whose radius ia ^ ro and whose centre is at the middle of the 
distance D. In Fig. 24, PI. V., the example discussed on p. 204 
is extended ; the relative curve of centres N N is dotted. The eccen- 
tricity of the main eccentric is r = 040" Cl"57"), the angle of 
advance S = 15°, the corresponding quantities for the expansion 
eccentric are r^ = ■ 045°' (1 ■ 77"), and Y Do = S^ = 85°, and the 
distance OUo =3 is assumed equal to O-OSO"" (118"). From what 
was said on p, 204 we see that the distance D^ gives the diameter of 
the relative valve circle and that the intersections Ui and Uj represent 
the two crank positions 5 and 6, one of which corresponds to the begin- 
ning of expansion, and the other to the reopening of Üie steam-ways. 

Now if the expansion eccentric D,, is shifted, say, so that the 
eccentricity passes from Dj to Da', it is simply necessary to repeat 
the given construction ; the diameter of the relative valve circle is then 
Dx\ and the intersections of this circle with the circle described with 
U(, = s as a radius gives new positions for the crank directions 5 and 
6 ; at tbe same time the end of the relative eccentricity passes from D^ 
to D„' and the centre of the relative valve circle passes from C to C. 
In practice the problem is given in the inverse form, i. e. the position 
O Do' of the expansion eccentric is to be determined for a given ratio 
of expansion. For example, if in the present case the ratio of 
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expansioii 4 : 1 ia prescribed, we determine the corresponding crank 
position K, find the intereectioD TJ and erect a perpendicular at 
the middle of the radiua U ; this intersects the relative curve of 
centres at C, which is tiierefore the centre of the required relative 
valve circle whose radius is C O ; if we draw its diameter D,' and 
draw Po' parallel to the connecting line D DJ, the line D,,' will 
represent the required position of the expansion eccentric and the 
angle Y Do' will be the required angle of advance 8o for the given 
ratio of expansion. 

After what has been said above, the remarks just made need no 
further proof; neither is it necessary to discuss the method of deter- 
mining the limits of expansion in the given arrangement, for the 
extreme positions of the relative valve circle can be readily found by 
shifting its centre C on the relative curve of centres NN. 

We will now examine more closely the arrangement given to the 
valve-gear by Poloneeau himself, to render it suitable for locomotives. 

This valve-gear is shown in Fig. 25, PI. V. The two eccentrics D and 
Do on the shaft set in motion a Gooch link of the kind discussed in 
Section I., pp. 107 to 121. But the link is douUe, that is, it has two 
equal curved slots or guides. In one slot wee an adjust the block M of 
the rod M N which at N drives the stem of the main valve. In the other 
slot we have the block Mo of the rod M,, N^ which drives the expansion- 
valve. The shifting of the blocks by lifting and lowering the radius- 
rods M N and M,, No is accomplished by the levers A B and Ao Bo whose 
ends B and Ba are connected by rods with the bell-crank levers W W 
and Wo Wo ; the rods K and Ko transmit the shifting motion to the 
radius-rods. By means of latches and the notches in the sector H H, 
the reversing levers are held fast in different positions. 

It is easy to see that this valve-gear becomes like the Gooch gear 
when the two blocks M and &!„ are set at the same point of the link; 
for then the two valves move in the same manner a.nd the expansion- 
valve has no influence because it is at rest relatively to the main 
valve ; but when the blocks have different positions in the link, the 
valves move differently, and the problem of ascertaining howthe expaa- 
sion-valve moves relatively to the main valve, again present« itseli 

When it is desirable to throw the expansion-valve temporarily 
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out of action, Polonceau's arrangement of the reversiog levers is in- 
convenient, for the locomotive runner must use both hands to give 
the same motion to the two levers. This inconvenience is avoided in 
Krausa' arrangement, shown in Fig. 26, PL V. H H is again the 
stationary sector, but its notches receive only the latch on the reversing 
lever A B of the main valve. A second sector H(, Hj is fastened at P 
to the lever A B, the sector taking part in the motion of the lever. 
The notches of this sector receive the latch of the reversing lever 
Ao Bo of the expansion-valve. It is now easy to see how the levers are 
used. In the lever positions shown in Fig. 26, the valves are in 
action in nearly the same manner as in the arrangement shown in 
Fig. 25. Now if the runner wishes to throw the expansion- valve out 
of action, i. e. to use the gear as if it were a simple Gooch link-motion, 
he places the latch of the lever Ad B,, in the notch P of the second 
sector Ho Ho. Then when the lever A B is shifted, the other lever is 
also moved. As regards the action of Pohneeau's arrangement, we 
may refer to much that has been mentioned in connection with Gooch's 
gear. But under all circumstances wq may assume that the radiua- 
rod of the main valve is set for the extreme grade of expansion when- 
ever the expansion- valve is to be used. Under this supposition we 
will first determine the distribution of steam for the main valve, i. e. 
we will determine its principal crank positions. 

As in Gooeh's gear, we will designate the eccentricities of the 
two eccentrics by r, their equal angles of advance by S, the lengths of 
the two eccentric-rods C D and Co Da (Fig. 25, PI. V.) by I, the half 
length of the link by e, and the distance of the block M from the 
dead point of the link by u, then the movement of the valve for any 
crank angle a> is 

f = r I sin S i - cos S cos <u ± — I oos S ^ ^ sin 8 sin u, 

the upper sign referring to open and the lower one to crossed rods. 
Now in what follows we will assume open rods and that the radius-rod 
of the main valve is lifted so far that u = e, then the movement of 
this valve is given by the formula 

£ = T fain S -f- ^ cos sl cos o. + r fcos S - ^ sin sl ain <u. 

p 2 
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We may now find, as before, 1 
valve circle for the extreme grad 



e co-ordinates of the centre C of the ] 
of expaDsion (Fig. 27, PI. V.), from I 



Fig. 27 is drawn half size, and with the dimensions 

r = 0-066"'(2-60") 8= 30° 

/ = I' 500" (59 ■06") c = 0'120°'{4-72"). 

The foregoing formulas give, for these dimensions, the quantitiet-l 
OB = 0-0188°'{0-74") 



BC, = 0-0272°'(1-07"). 
■e assume the outside lap of the main valve to be*! 
' (11 ■81"), and, with this as radius, describe i 
I centre, its intersections with the valve circle will ' 
ns 1 and 4 ; at position 1 the main valve closes the 



and 

Moreover, if ■ 

circle from O as 

give crank positi 

admission-port in the cylinderj and at position 4 it reopens the 

corresponding port at the other end of the cylinder. 

Now if the block M^ belonging to the expansion-valve is at an^ 
other point of the link, the centre of the corresponding valve ciidfl' 
will still lie on the vertical B C„ a property that was shown to belong 
to Gooe/i's gear. If four grades of expansion are aBsmned for the 
forward motion and as many for the reverse motion, the distance BO» 
must be divided into four parts, the points Ci Cj Ca 0, giving the 
centres of the valve circles corresponding to the different gradi 
For the reverse motion the distance B Cj is prolonged downwards, 
points - C„ - Ca, - O3 and - C, likewise giving the centres 
valve circles for the respective grades of expansion during the revei 
motion. 

If we assume that the machiae is running forward and that 
link-block M of the main valve is at the extreme grade, then, 
what has preceded, we know that the circle described on D as 
diameter (Fig. 27, PI. V.) gives the law of motion of the main vali 
Moreover, if the link-block Mo of the expansion-valve stands, say, ^ 
the first grade of expansion, for the forward motion, Ci will be the 



I 





POLONCEAU'S CUT-OFF GEAR. 213 

centre of the valve circle wliich represents the law of this valve 
motion and O D,, will be its diameter. If now we draw a parallelo- 
gram on D as a diagonal, we get D„ for the second side, and this 
represents the diameter of the relative valve circle whose centre 0, 
can also be found by drawing through C, a parallel Ci 0, to Ci 0, 

We see that the peculiarity of Pohnceau's arrangement cou- 
mats in the relative curve of centres being a straight line which 
cdneides with the axis of ordinales Y. If we now describe from O, 
as a centre, the relative valve circle, and fi-om as a centre with 
radius U = 3 (see Fig. 23, PI. V.) a circle, we shall get the im- 
portant points of intersection Ui and Uj. The crank direction Ki 
passing through Ui corresponds to the beginniog of the expansion, 
and the other through Uj to the reopening of the steam-way. The 
latter crank direction hitherto designated as position 6, happens in 
the present example to coincide with position 1, at which the main 
valve closes its port ; as position 6 cannot lie in front of position 1, 
the position of the link-block M,, here assumed (first grade forward 
motion) corresponds to one limit of expansion of the present gear ; a 
later cut-off is not permissible because steam would be admitted to the 
cylinder twice during the same stroke. If a later cut-off must be 
employed on the locomotive, the runner must place the radius-rod of 
the main valve and that of the expansion- valve together at some other 
than the last grade of expansion, i. e. he must allow the gear to act 
like GooeKs link-motion. 

If we now suppose the radius-rod of the main valve to be placed 
at the last (4) grade of expansion, and if we successively place the link- 
block Mo of the expansion-valve at the dead point of the link and at 
grades 1, 2, 3, 4, hach-gear, then we determine the centres of the 
relative valve circles exactly as before, these centres all lying on the 
vertical Y and occupying the positions On, — O, to — Oi respectively, 
in Fig. 27, PL V. If we describe the corresponding circles which are 
only partly drawn in the figure, their intersections with the circle 
described with U = s as a radius, will give the points Uj to Ut and 
these in turn the crank positions Ri to Ro, each of which represents 
the beginning of the expansion for its particular case. In the present 
example the crank position OR« gives the other limit of expansion 
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corresponding to tbe shortest cut-ofif here attainable ; the link-block 
Mo of the expansion -valve then stands at the extreme grade back-gear. 
We could extend the limits of expansion by increasing the length 
C C„ (Fig. 25, PI. V.) in both directions, and thus permitting tbe link- 
block M|, to be placed beyond the points C and Co of the eccentric- 
rods, but on the whole little would be gained. 

That the present gear can be employed for the reverse motion as 
well as for the forward motion is at once evident ; for this purpose the 
link-block M of the main valve is placed at the extreme grade back- 
gear, and the link-block Mo at any grade forward gear. The diagram, 
Fig. 27, PI. v., is then at once applicable to the reverse motion. 

Finally, it deserves mention that Polonceau's gear, in addition 
to the disadvantage of a limited expansion, has another disadvant^e, 
namely, that the loss of work due to the friction of the expansion- 
valve increases with the espansion. For if we designate the diameter 
DjT of the relative valve circle by r^, the distance traversed by tha 
upper valve on the lower one during one revolution of the shaft ia 
given by 4 r^,. The loss of work due to friction between the valves, ia 
proportional to the distance traversed, and therefore proportional to 
the value r^ ; Fig. 27, PI. V., shows that this value increases with thft 
expansion, hence the work lost by friction increases likewise. A 
similar remark might be made with regard to Gonzenbatk's gear, in 
the special discussion on p. 192. 
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CHAFFER in. 

Gdihotte's Odt-opf Geab. 

At the Vienna Exposition certain new and very ingenious valve-^ 
gears attracted well-deserved attention, some of them being in th» I 
form of models, and some on locomotives. Before their appearance ' 
at the Exposition, the inventor Guinotie had made them known in a 
special article.* Guinotie gives a series of new arrangements, all of 
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which may be referred to the same principle ; we will therefore 
confine onrselves to two of the new gears, referring the reader to the 
article itself for forther details. Although GiiinoUe used our diagram 
extensively in his article, and saya that he found it very useful in 
examining and representing the apparently complicated motions of 
his mechanisms, nevertheless as a continuation of the above dis- 
cnssion we will pursue, in what follows, a different method from that 
employed by Guinotte. In the first place, the valve motion in 
GuinoUe's gears is only a particular case of the general one examined 
in connection with Fig. 52, p. 208 ; in the second case it aeema desirable 
to examine the matter analytically in order to recognise the influence 
of the dimensions of the various parts of Guinotte's gear, on the 
distribution of the steam. 

Guinoite uses Fohnceau's expansion-valve (Fig. 23, PI. V.) in hia 
gear, and like him produces variation of expansion by simultaneously 
varying the eccentricity r^ and the angle of advance So of the 
expansion eccentric ; but the law according to which this variation 
takes place in his mechanism differs from that of Polonceau, and in a 
way that must be regarded as a decided improvement. Without 
going into the details of Guinotte's gears, we can examine their 
advantages and the principle underlying them. 

In Fig. 53 as in Fig. 52, let D = »■ be the fixed eccentricity 
and Y D = S the angle of advance of the eccentric for the main 
valve, also let D,, = »"o bo a particular position of the variable eccen- 
tricity of the expansion eccentric ; then the peculiarity of Guinotte's 
gear consists in the curve M,, Mo, traversed by tlie end Dj of the 
eccentricity, being a üraight line which ia inclined to the axis of 
co-ordinates. If we construct the parallelogram and thus determine 
the position OD^ of the relative eccentricity, and then draw through D„ 
the line SI, Mj, parallel to Mo Mo, we shall have the path traversed by 
the end D, of the relative eccentricity. Finally, if we bisect the 
distance O D^ at C and through this point draw a parallel N N, this 
line, dotted in the figure, will be the relative curve of centres along 
which the centre of the relative valve circle moves, when the eccen- 
tricity of the expansion-valve varies. The principal object of the 
investigations ia the determination of this relative curve of centres and 
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the essential feature of Ovmotte's gears is that the line N N has the 
position shown in the figure and is indmed to the axis O X. 

We can already see the relationship between OvinoUe's and 
Pol<mee<MJt*$ gears; in the latter the aforesaid carves are likewise 
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straight lines (see Fig. 27, PI. V.), but they are perpendicular to the 
axis O X, and at the same time the curve M,, M» as well as the 
relative curve of centres N N coincides with the vertical O Y. But 
it is just the latter circumstance which restricts expansion in 
Poloneeau's gear. In the case represented in Fig. 27, PL V., the 
crank directions Bi and Be give the limits of the expansion ; 
crank position Bx corresponds to the least expansion or latest cut- 
off (when an expansion-valve is used) and position Be to the 
greatest expansion or earliest cut-off. In a perfect cut-off gear it 
should be possible to vary the expansion öx)m zero up to the degree 
attainable by the main valve alone, in other words, the inter- 
section XJi (Fig. 27, PI. V.) should be brought to the position U2 at 
which the main valve shuts the cylinder-port, and the intersection Tie 
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Bhould be transferred to Uo in order that the expansion-valve may 
cat off at the very beginning of the stroke; this last has the advantage 
that the expansion -valve alone could auppresa the admission of steam 
to the cylinder. In Polonceaus gear it is impossible to fulfil these 
conditions, as a glance at Fig. 27, PI. V-, shows, for the centre of the 
relative valve circle travels on the vertical, and it would have to be 
at an infinite distance to allow the intersection Ue to fall on Ü,,. 

But matters are very different in Quinotte's gears where, as we 
will show, the relative line of centres N N (Fig. 53) is a straight line 
inclined to the axis X. If we describe a circle from as a centre 
and with U(, =s as a radius (the meaning of s is seen in Fig. 26, 
PI. V.) and determine crank position 1 corresponding to the begin- 
ning of the expansion effected by the main valve, it will only be 
necessary to effect each grade of expansion from the dead point Bj, 
to crank position 1, i. e. it will only be necessary to let the intersection 
of the relative valve circle with the circle described with s as a radius, 
traverse the whole arc from U,, to Uj. 

If at the middle of the diatance O Ua (Fig. 53) we erect a per- 
pendicular until it intersects the line N N at Cj and erect another 
at the middle of Uo prolonging it till it intersects tlie line of 
centres N" N at C^, these two intersections will give the extreme 
positions of the centres of the relative valve circles ; if we describe 
from Ci as a centre and CiOas a radius, one, and from C3 as a centre 
and Ca O as a radius the other of these relative valve circles, the 
intersections Ua and Uj will fall upon the aforesaid crank directions. 
Moreover, if we connect the centres Ci and C2 with the centre of the 
eccentricity D of the main valve, and draw through O the lines 
El and Eg parallel to the connecting lines, then the points Ej 
and E, will be the limits between which the end Do of the eccen- 
tricity of the expansion eccentric must be shifted along the line 
Mo Mo by the assumed mechanism, in order that all possible grades 
of expansion may be attained. 

This examination also completes the presentation of the diagram 
as applied to Guinotte's valve-gears ; but perhaps one point more 
should be mentioned, namely, that the second intersection of the 
circle having a as a radius, with the relative valve circle described 
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about Ci, mast of course fall behind crank position 1, otherwise thff 
expansion -valve would reopen the steam-way before the main valve 

had closed the cylinder-port. 

How the centre of the relative valve circle is to be foood on tha 
relative line of centres N N, and how the position D» of the 
expansion eccentric is to be determined for a given ratio of expansion, 
is 80 evident from what has been said, that further explanation it 
nn necessary. 

On the other hand, we will now explain how GuinoWa mecbaniBm 
varies the eccentricity of the expansion eccentric, so that the end 
Bo can travel on the straight line M,, Mo between the limits Ei 
and E,. 

One Form of Guinotte's Cut-off Gear. — If we carefully examine the 
arrangement of Poloncmu's gear. Fig. 25, PI. V., and the corresponding 
diagram Fig. 27, the thought ia suggested that the straight lina 
Mn Mo (Fig, 53), which coincides with the straight line D Da 
{Fig. 27, PI. V.) in Folonceau's gear, can be inclined to the axis OX 
by an unsymmetrieal construction of Gooeh's link-motion (used by 
Tohneeau to give motion to the expansion-valve), that is to say, by 
giving to the eccentricities, angles of advance, eccentric-rods and 
even to the parts of the link on opposite sides of its dead point, 
different values for the forward and back eccentric. It appears also 
from Guinofte's writings that this was the line of thought which led 
him to his new valve-gear arrangements, for his investigations were 
preceded by the considerations now to be given, with this difference, 
that we treat Gooeh's gear, thus modified, analytically. In doing thi», 
we might proceed as in the analytical investigation of SfepAensow's and' 
Qooeh's valve-gears, but can attain our object more easily by aQi 
approximate procedure recently outlined by PichauK* ; at least w( 
start with the same fundamental thought in the following analytic 
investigation. 

Let us suppose the expansion-valve to be driven by the radius^] 
rod Mo Bo (Fig. 54) and the link C, C^, the latter being curved t* 

• PiclunUt, " Etude sur lea appaioila de diatiibution dc vapeur, expnses a. Vienne el 
1873," ' Annalus irnlaetrielleB,' fi» Accec, 1874. See literary noticca at end of book. 
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the radius Bg Mg. Let the point J be takeo as the dead point, and 
by suitably suspending the link, let this point be guided in the line 
of stroke OX; let the block Mg be at the diRtance J Mo = « from 
the dead point of the link. Let the expansion be varied by raising 
and lowering the radius-rod, i.e. by varying«, let us suppose the ends 




I 



Ci and Cj of the unequal eccentric-rods D, Ci = I, and D^ Cj = I, 
to be at the distances J Ci = Ci and J C» = c^ from the dead point 
of the link ; let the two eccentrics have the eccentricities Uj = ri 
and Dj = ts, the latter making with the perpendicular Y to the 
direction of the stroke, the angles of advance Si and S^ shown in the 
figure. 

The problem now is to determine the equation for the movement 
of the valve, or, what amounts to the same thing, the movement of 
the point Bg. 

Let us draw the line C, and suppose the link to be detached 
from the rod at Ci, and let us regard Ci as the direction of the 
stroke, by suppoaing that at first only the eccentricity Di turns 
through the angle m ; the point C, will then oscillate about a certain 
centre of motion like the valve of a simple valve-gear ; if we let fall 
on the assumed stroke G„ the perpendicular Y„ which makes 
with T an angle a, equal to the inclination of Ci to O X, the 
angle 8i + a, will be equivalent to an angle of advance, and the 
movement of the point Ci from its middle position for an angular 
motion to, will be 



I, + a, + „). 
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Now if we suppose the link to be again joined to the rod at Ci, but 
the other point C2 to be stationary, so that the link will swing about 
the fixed point C2, the movement of the point Ci will be accompanied 
by a movement of the link-block Mo, and consequently by a move- 
ment of the end Bo, the latter movement being smaller in the ratio 

CgMp _ Ca + tt . 

C, Ci " c« + Ci ' 
this movement of Bq, which we will designate by f ', is therefore 

e = -^4^ n sin (8, + a, + 4 (112) 

^2 T" ^1 

In like manner we may now suppose the eccentricity O Di and 

the point Ci to be temporarily fixed and the eccentricity O D2 = r2 

to turn through the angle co. Now if the line C2 be taken as the 

direction of stroke, we shall have for this simple gear (S2 + 02) as an 

angle of advance, and for the movement of point C2 from its middle 

position, 

r, sin (§8 + a, — w). 

As the link now swings about the fixed point Ci, the movement f" 
of the link-block will be smaller in the ratio 

Ci Mo _ Ci — tt 

CiCa Cg + Ci' 

and therefore 

i" = ^-^^ ra sin (8a + oa - co). (113) 

Ca -f Cj 

In reality, however, the two motions, which we have here considered 
separately, take place simultaneously, hence the total movement of 
the block Mo and therefore of the expansion- valve from the middle of 
its stroke will be 

fo = r + r; 

substituting the values given by equations (112) and (113), and as 
before designating the whole length of link Ci C2 = C2 4- Ö1 by 2 c, 
we have 

fo= ^jll!^r,8in(8, + ai + <o) + ^-^r.8in(8a (114) 

Z C AC 
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In this equation for the travel of the expansion-valve there must 
still be determined the angles «i and a^, all other values being 
given with the valve-gear. These angles may be eliminated by the 
following approximate method. If we assume long eccentric- rods and 
a comparatively short link, the two angles «i and a^ (Fig. 54) will be 
very small and their cosines can each lie taken equal to unity, and we 
may approximately make O Ci = Di Ci = Z, and C^ = Dj Cj = Zj, 
and therefore assume 



developing the sines in equation (114) and substituting the pre- 
ceding expressions, the equation for the movement of the valve 
reduces to the form 

^ = A cos w -i- E sin Ü,, (115) 

the values of A and B being given by the following equations : 

A = <^'n(.in8,+|™S,) + Sj--r.(sin8. + |™.S.). (116) 

B = (il+l),(„.8. - ^..i.,.) . (£^)..(c„.,- |.in8.). (117, 

These equations at once show that the investigated mechanism is 
really useful in the sense explained above ; the values of A and B, as 
shown in the first section of the book, are the co-ordinates of the end 
of the diameter of the valve circle ; if, in a given gear and for a 
given position w of the block in the link, we were to calculate the 
values of A and B and lay off (Fig. 53) O A = A and A D„ = B, we 
should get in the distance Do, the corresponding eccentricity of the 
expansion-valve. According to the equations (116) and (117), a 
variation of u is accompanied by a variation in the values of A and B 
and in the position of Dp. But as both equations contain u to the 
first power, it at once follows that the point Do traverses a straight 
line Hg Mg when u varies, i. e. when the radius-rod is raised and 
lowered. If we transform this gear (Fig. 54) into that of Qooch by 
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making ri = r2 = f , Si = 82 = S, Z^ = Zj = h ^^^ Ci = ^2 = c> ^te two 
equations (116) and (117J become 

A = r f sin S + ycos 8j 
B = — ( COB — y sm j, 

which values are like those found on p. 1 12 ; in this case A is 
independent of w, that is, it is constant ; the line Mo Mo (Fig. 53) 
is therefore perpendicular to X, as in Poloneeau^s gear. Conse- 
quently OoocVs arrangement must be constructed unsymmetricdUyj as 
stated by Ovmotte^ if the straight line Mo Mo is to cut both axes of 
co-ordinates (as in Fig. 53) ; it is easy to determine this line for a 
given valve-gear, for it is only necessary to determine the position of 
Do for two different values of u and to connect these positions by 
a straight line. But the inverse problem, to determine the dimen- 
sions from the course of the given straight line, is a difficult one. To 
solve this problem, it is easiest to employ an approximate method ; 
if the eccentric-rods are very long, and this was assumed in developing 
the above formulas, the influence of the terms containing the factors 
Ci : /i and C2 '• h is so small that they can be neglected, and we then 
have the simpler equations 

A = ^^7 ^ n sm 81 + ^5 — ' r, sm 82, (118) 

B=<^±!?-)r.co8 8.-^^r,coB8,. (119) 

• 

Now if we suppose the radius-rod to be raised to Ci (Fig. 54), 

i. e. make u = «i, the preceding formulas will give for A and B the 

values 

Ai = Ti sin 81 

and 

Bi = r, COS hi , 

but these are the co-ordinates of the end Di of the first eccentric O Di 
when the crank is at the dead point. On the other hand, if the 
radius-rod is placed at C2, that is, t« = — O2, and if we designate 
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the correaponding values of A and B by A^ and Bj, we shall have 
, from equations (118) and (119) 



But tieae are again the co-ordinates of the end D^ of the eccen- 
tricity of the second eccentric D^ when the crank passes through 
the dead point. This gives us the following simple proposition ; — 

Draw the two eccentricities ODj and OD^ (Fig. 55) with the 
given angles of advance and connect their ends by a straight 
line Di Dj ; this line is then the line M^ Mo, which we have dis- 
cussed in connection with the diagram of QwnoUe's gear. Guinotte 
and Piohault have developed this proposition by a different method 
and regard it as exact ; it serves, however, only as a first approxima- 
tion. If, in the argument leading to this proposition, we had made 
nse of equations (116) and (117) we should have obtained more exact 
values for these co-ordinates, namely. 



, = r, f COS Si - 

. = .(.«..H 
a = — rjfooeSi 



or if in developing the proposition we had gone hack to equation (114), 

we should get 

Ai = r, Bin (S, + a,) B, = t, cob (Si + o,) 
A, = r, Bin (S, + «,) B, = - r, G08 (S. + «,), 

where «i and a^ Lave the meaning given by Fig. 54. The exact 
position of the line Mo Mo (Fig. 55) could easily be found from the 
formulas just given, but we need not follow the matter further. The 
preceding approximate calculation shows, moreover, that in Guinotte'a 
gear the two eccentric-rods may be made equal and the link sus- 
pended at the centre, as is done by Qoock, only the two eccentricities 
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r 




Ti and r-i and the angles of advance Si and &, being taken different, 
In designing a new valve-gear we first draw the diagram for the 
main valve ; then, with the help of the data, locate the relative curve 
of centres N N (Fig. 53), and finally draw 
Fio. 55. the guiding line JIj Mo. As a first ap- 

proximation we now choose the two eccen- 
tiicities so that their ends Di and D^ (Fig. 
55) fall on the line M^ M„. The form of 
GuinoUe'a gear above described is only 
applicable to engines which always run 
in one direction ; this form cannot there- 
fore be employed as a reversing gear, and 
in this respect it is inferior to Polonceau'i 
gear. 

Second Form of Gmnotte's Gear. — The 
valve-gear now to be examined has been 
constructed by Guinotte in various ways, 
and solves in a very ingenious and elegant 
manner the problem stated when discussing the diagram (Fig. 53). 
An important point in connection with this simple mechanism is | 
that it answers for both the forward and the reverse motion of the I 
engine, and is therefore applicable to locomotive, marine, and hoiBtJng J 
engines. 

Let us first suppose that Fig. 29, PI, VI., represents the gear I 
applied to a non-reversible, stationary engine. The main eccentrisl 
is keyed to the shaft with the angle of advance Y O D and | 
drives the main valve S by means of tlie radius-rod D Q. 

A second eccentric D,, is keyed to the shaft with an angle of I 
advance of 90° and, by means of the eccentric-rod Do J, drives the J 
link C Ci which turns about the point J. This pin J is also attached I 
to the end of the lever J K L which turns about the fixed axis K ; 
second lever F Q E has its fulcrum at the end Q of the stem D Q dl 
the main valve. By means of the coupling rods L F and E C the 
motion of the end L of the first lever is transmitted to the second one, 
and from this lever (whose fulcrum Q has the same motion t 
the main valve) to the end C of the link, the motions imparted t 
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the pointa J and C giving to the link a peculiar reciprocating and 
swinging motion. 

The block M can be shifted in the curved slot of the link, and 
the radius-rod B M, connected with the link, is attached at E to the 
stem of the ex pans ion -valve So. The expansion -valve is like 
Poloneeau's, which is shown in Fig. 23, PI. V. 

We will now develop analytically the theory of this valve-gear 
by determining the equation for the movement of the expansion- 
valve ; that is, we will develop the theory differently from QtiinoUe, 
whose discussions were of a more graphical character. 

The movement of the link C C, (Fig. 29, PI. VI-) is a very com- 
plicated one, bat can be easily represented analytically, if we follow 
its different motions separately. I shall first assume that the lever 
J K L is detached from the middle J of the link and that this point 
J is driven by an eccentric Dq, whose eccentricity is Tq and angle 
of advance &„, and shall also assume that the main eccentric D is 
likewise held fast temporarily ; now if the eccentric Do turns 
through the angle to, the point J of the link will shift a distance fi 
to the left,* and the link will turn about its ßxed end C, for, under 
these suppositions, neither the lever J £ L nor the lever F Q E will 
move. If we designate the distance C J by c and if the block M is 
at the distance J M = « from the middle of the link, the block, the 
end B of the radius-rod and the expansion-valve So will all shift to 
the left a distance ^, whose ratio to the movement f, of the point J 
is as M : C J, or since C M = c — «, 

e = "-^ i, ■ (120) 

Now let both eccentrics D and Do be held fast and let the lever 
J K L be turned till its end J again coincides with the point J whicli 
has been shifted a distance fi ; let the points be again connected. 
If we designate the lever arms J K and K L by a and b, the assumed 
turning of the lever causes its end L and also the end F of the second 

lever F Q E to shift to the right a distance - f i, and this causes the 



i 



* [Id aaying thiB motion is to tbe left the geaeml cms i« UBDmed thai t, < 9i 
Mlity for the gear ahown in Fig. 29, PI. VI., S, = 90°.— Ed.] 



226 EXPANSION-VALVE ON BACK OP MAIN VALVE. 

end E of the second lever and the end C of the link (now turning 
about its fixed centre J) to shift to the left a distance 

Ol a 

where ai and 61 represent the lever arms F Q and QE. But this 
second turning of the link causes the block M and consequently the 
expansion-valve So to shift to the left a distance ^', which may be 
found by multiplying the preceding value by the ratio M J : J or 
u : c, which gives 

c a Ol 

Finally, we must consider the third and last motion : the point J 
of the link and the lever J K L are fixed, and we must imagine 
the eccentricity D = r of the main valve to be turned through the 
angle co. The consequence is that the point Q is shifted with the 
main valve a certain distance to the left, and as the lever F Q E now 
turns about the fixed point F, its end E and the point G of the link 
must move to the left a distance 

fli + ^1 



«1 



i; 



the block M and with it the expansion-valve So must therefore 
traverse a third distance f" expressed by 

r = - ^^^^ ^ (122) 

The various parts of the mechanism are now evidently in the 
same position as if the three separately executed motions had taken 
place simultaneously. The total movement ^0 of the expansion-valve 
is therefore 

io = e + i" + r, 

or substituting the values given by equations (120) to (122) we have 

\ c caaj c «1 

But according to the assumed potation, the distances estimated from 
the middle position are 

^ = r sin (8 + w), 
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= r, sin (S„ + «), 

■or if we assume with OuinoUe, the angle of advance So of the eccentric 
O D, to be 90^, we get 

£(, = r^ COB a. 

If these expreasions are subatitnted in the preceding value of l^o, we 
shall have after a few simple transformations, an expression for the 
movement fo of the expansion-valve, of the well-known form, 

f„ = A cos m -)- B sin m, (123) 

where 

uf aj + b 
*"" cl a, 



-('-^!;)4 



B = 



«S. 



(124) 
(126) 



As A and B represent the co-ordinates of the end Do of the eccentricity 
O Dfl of the expansion eccentric, and as the co-ordinates vary with «, 
these equations will enable us to deter- j. .. 

mine the location of the line M.„ Mo, two 
points being sufficient for this purpose. 
To determine one point let w = 
and designate the corresponding values 
of A and B by Ao and Bo. then, according 
to equations (124) and (125), we have 
Ao = *-o and B^ = 0, 



consequently the line passes throagh 
the end Do (Fig. 56) of the eccen. 
tricity r^. On the other hand, if we 
mate u = c, that is, raise the radius- 
rod to the point C (Fig. 29, PI. VI.) 
of the link, and designate the cor- 
responding values of A and B by Ai 
and Bi we shall get from equations (124) and (125) the co-ordinates 
of a Becond point Di of the line Mq Mg, namely, 




, b 6, 



(126) 
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As soon as this line is determined for a given yalye-gear, there 
will follow all that was said of Fig. 53 on p. 216 concerning the dis- 
tribution of steam. We may now, by working backwards, readUy 
determine certain dimensions of the mechanism when the guiding 
line Mo Mo is given. We will call attention to the particular case in 
which the lever arms of the two levers J E L and F Q £ bear to each 
other the relation 

a relation that is easily realized practically; this proportion is 
equivalent to 

which reduces equation (126) to 

Ai — To = r sm Ö. 

But this distance is represented in Fig. 56 by Ai D^. Now according 

to the figure the inclination ^ of the line Mo Mo to the vertical is 

given by 

Ai Do 

*^^* = ÄrD/ 

which in our notation is equivalent to 

Ai-ro 



tan <^ = 



B, 



Substituting in this equation the above value for Ai — ro and the 
value of Bi given by equation (127), we get 

tan ^ = tan 8 or ^ ^ 8. 

This gives us the interesting proposition that, with the assumed 
leverages, the line Mo Mo is parallel to the eccentricity D of the 
main eccentric ; in this particular case, therefore, we may determine 
the position of Mo Mo without any calculation whatever. 

Before closing we must call attention to a matter of controlling 
importance. If the main valve is driven by the eccentric D, the 
engine will run in one, say, the forward direction, represented by 
arrow No. 1 (Fig. 56). Now if the engine is to be reversed, either 
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the eccentric O D must bo shifted to the position D' or the 
main valve must be driven by another eccsentric D'. But this is 
equivalent to changing the angle of advance S of the eccentric D to 
the value (180° — S). Substituting this value in equations (126) and 
(127) we find that Ai is unchanged in direction and magnitude, but 
that while the numerical value of B, remains the same, its sign 
changes ; consequently reversing will bring the point D, to D^, and 
the line Mo Mo will shift to M(,' M,,', the latter line occupying the 
same position relatively to the back eccentric that M^Mo occupied 
relatively to the forward eccentric 

From this follows the remarkable proposition, that with this gear 
the reversing of the engine can be effected without the locomotive 
runner altering anything in the mechanism that controls the motion 
of the expansion -valve. 

Ouinotte rightly emphasises this great advantage of his valve- 
gear, and indeed we must regard his invention as a very important 
advance in the construction of cut-off gears. 

As regards the reversing gear, it is here perfectly immaterial 
whether the main valve is driven by Stephenson's, Gaoeh'a, AUan's, or 
HeuHnger v. Waldegg's link-motion, for Quinotte's gear can be com- 
bined with any one of these ; accoi'ding to Ouinotte the eccentric 
If Do (Fig. 29, PI. VI.) can be dispensed with, if, as in H. v. Waldeg^a 
gear, the crosshead sets in motion a two-armed lever whose second 
end guides the centre J of the link. Indeed, it is not difficult to 
transform Guinoile's gear in various ways. Several such transforma- 
tions are given in the article by Guinotte already meutioned. 



CHAPTER IV. 

Meyeb's Cdt-oft Gear. 
Meysr^s gear first came into use in 1842 ; only its valve arrange- 



ment is shown in Fig. 28, PI. V. The n 
s provided with two steam- ways a^ t 



8 the 



d carries tJ 
valve which here has the form of two plates So S,,. These plates also 



expansion- 
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act as nuts to the right- and left-hand acrews A h cut on different por- 
tions of the valve-atem B B. Consequently, if the valve-stem is 
turned about its longitadinal axis, the plates will recede from or 
approach each other according to the direction in which the stem is 
turned. In a certain sense, therefore, the expansion-valve is a plate 
tbat can be lengthened or ehortened at will, thus effecting, as future 
investigations will show, an earlier or later cut-off. The variation of 
the expansion by turning the valve-stem B B, can also be effected- 
during the running of the engine and in various ways. I 

The arrangement shown in Fig. 28 is easily understood. The ' 
bracket T carries the sleeve V in wbieh one end of the valve-stem 
slides. When the stem is turned by the band wheel W, a sleeve- 
shaped screw surrounding the end of the stem also turns, but takes 
no part in the ahding motion of the stem ; the screw on the outside 
of this sleeve works in a nut, on the outer surface of which there is a 
visible index line a, whose position along the graduated scale, marked 
on the fixed sleeve V, shows at any instant the position of the valve- 
plates Sd So in the interior of the steam-chest, and thus indicates the 
degree of expansion with wliich the gear is working. The setting of 
both eccentrics is shown in Fig. Ha, and is like that in Br^m^a 
and in Pohnceau's gear. D = r is the eccentricity of the main 
eccentric, and Do = ("o that of the expansion eccentric, the latter 
being set with an angle of advance T Dg = So- Id Fig. 57 both 




valves are again shown and in their middle positions ; the position 
here occupied by the valves relatively to each other and to the 
cylinder is of course only possible when the valve-rads are detached J 
from their eccentrics. 
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Let ua first assume that we are dealing with a Meyer gear for a 
non-reversible, stationary engine, then the diagram of Fig. 24, PI. V., 
discussed on p. 204 and p. 209 in connection with Poloneeau's gear, is 
also applicable here. If, therefore, in a M&yer gear, the eccentricity 
of the main eccentric ia »■=0'040" (1-57") and that of the 
expansion eccentric ia r^ = 0'045™ (1'77") while the, angle of 
advance of the former is S = IS'' and that of the latter is ^o = 85°, 
welayoff these values in the now well-known manner (Fig. 24, P1.V.), 
construct the parallelogram OD,, DD,, and describe ou its side 
O Da, representing the relative eccentricity, the valve circle that ex- 
presses the law of motion of the upper valve relatively to the lower one. 

We now describe, with E F = s as a radius, a circle Uo U Ui 
about and find its intersections Ui and Uj with the relative valve 
circle; in the figure the value s=0"030" (1"18") ia assumed. 
The crank directions 5 and 6 passing through the points Ui and Uj, 
correspond respectively to the beginning of expansion and the 
reopening of the steam-way. Thus far, therefore, there is no differ- 
ence between Poloneeau's and Meier's gears ; no difference appears 
tiU the method of varying expansion cornea up. In Poloneeau's gear 
the quantity 9 ia constant and the relative eccentricity is variable in 
magnitude and direction, while in Met/er's gear just the opposite ia 
true. The influence of the variation of the value E F = s (Fig. 57) 
ia easily seen from the diagram ; the smaller this value, i. e. the 
farther apart the plates, the more crank position 5 is shifted to the 
left and the earlier doea the cut-off take place. The plates may 
even be separated so far that the edge F will fall to the left of E 
(Fig. 57) ; the interaeotiona Ui and Uj then interchange their signifi- 
cations, as was explained on p. 186. Meyer's gear can easily be 
designed so as to effect all possible degrees of expansion from zero 
on ; of the valve-gears hitherto examined only Georges' and Guinotle's 
possess this property ; to obtain this result with Meyer's gear it is 
necessary to make the eccentricities r and r^ unequal aa will be 
shown later on. It is usual in practice to make the eccentricities 
equal, and we will give an example of this case as it will afford a 
favourable opportunity of discussing the most important points. 

In the Meyer gear let the eccentricities of the main and expan- 
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won eccentric be r = ro = 0-040°' (1-57"), let the angle of 
advance of the former be 15" and that of the latter 8 = öO", The 
expansion-Talve is now to be arranged bo that any degree of expan- 
sion, 0, 0-1, 0-2 to 0"8, can be obtained at will; the problem is to 
determine the corresponding positions of the plates and the requisite 
dimensions of the various parts. 

Lay off (Fig. 30, PI. VI.) the given eccentricities in the usual 
manner and draw the relative valve circle on the diameter D„ then 
draw Lo L parallel to X, consider this line as the piston stroke and 
determine the piston positions for each of the given ratios of expan- 
sion ; we have assumed the distance LoL = O'lO" (3*94"); 
the crank radius Bo of the crank-pin circle K,, R, R^ is there- 
fore equal to 0-050" (1'97"). From the piston positions we next 
determine the corresponding crank positions B,„ O Ra, &c., and 
find their intersections Ui, Uj, U3, &c., with the relative valve circle. 
The distances Ui, Uj, &c., at once give the required values of 
E P = 8 (Fig. 37) for the various ratios of expansion, and these 
values of s are here given full size because the eccentricities were 
drawn full size. For example, the ratio of expansion 0"4 has the 
crank position R«, and measurement shows the corresponding value 
of OU, - a is IS-l-" (0-52"). For the ratio of expansion 0-1 
we have the crank position ORi, and the distance Ui = 9'5~ 
(0-36") is negative, i.e. for this ratio of expansion the plates are so 
far separated that the edge F (Fig. 57) lies 9-5™ to the le/t of E 
(when both valves are in their middle positions). When the plates 
are separated so far that F is at the distance Uo = 24 ■ 5™ 
(0 ' 96") to the left of E, the degree of expansion is zero, i. e. the 
valve cuts off at the beginning of the stroke. In the lower part of 
Fig. 30, PI. VI., the various values are laid off on a straight line, 
the positive values lying to the left of E and the negative ones to 
the right; the positions of the edge F relatively to E are then at 
once seen for each ratio of expansion. But with the dimensions 
assumed for Fig. 30, PI. VI., there is a certain limit to the ratio of 
expansion in one direction. If we separate the plates so far that 
s = O Ug, we shall get the ratio of expansion " 8 ; if we continue 
the circle described with U,, till we obtain the second iatersection 



I 
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Uj', then Rj,' ^ ^^^ crank position at which the steam-way reopens, 
and, as this position is hekind position 1 at which the main valve 
closes (the outside lap of the latter is V = e - O-OOS" (0-31"), 
this position of the plates is still a permissible one; but we see from 
this that the greatest permissible value of s is given by U' = U, 
U representing the intersection of crank position 1 with the relative 
valve circle. At this limiting crank position R' the ratio of 
expansion is ■ 830, and the expansion-valve reopens the steam-way 
at the same instant that the main valve closes the cylinder-port. If 
the plates were separated till the distance s fell between the values 
U and Di, steam would enter twice during the same strobe, for 
the upper valve would reopen the steam-way in the main valve 
before the latter had closed the cylinder-port. If the distance s 
were taken greater than D^ the expansion-valve would become 
useless, for it would no longer close the steam-way, but simply 
contract and widen its port alternately. Moreover, we see that it is 
advantageous to allow the relative eccentricity OD, to coincide in 
direction with crank position 1 ; but this generally requires that the 
» two eccentricities D and Do be different, i. e. that two different 
eccentrics be employed. 

In the present example it will be best to take the greatest value 
of 8 equal to OU = ÜU' = AE = SDö»" {1-16"), and for this 
value let the two plates (Fig. 57) touch each other at the middle ; 
the value represented by x is then zero, and if we designate this 
greatest value 0U=AE = 3 bySi and use the notation employed 
with Fig. 57, we obtain 

L=Z-fs,. (128) 

Then if we wish to vary the expansion down to zero, the other 
limit of 3 which we will designate by 8,, will be given by U,, = 
E B, that is the plates will be separated till the edge F is at the 
left of E when the valves are at their middle positions. Now when 
the upper valve moves on the lower one (its greatest relative move- 
ment to the left is Di„ = r^) its right edge must not pass over the 
steam-way; we see therefore that the length I of the plate cannot 
be less than that given by the equation 

l = r,+s, + a,. (129) 
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If, for the present case, we assume the width of the steam-way to be 
ao = 30^ (1 • 18") and take ^from Fig. 30, PL VL, the values 
0D« = r« = 31«- (1-22") and OUo = «2 = 25--» (0-99"), the 
minimum length of the expansion- valve is 1 = 86°"^ (3*49"). 
As the greatest positive value of 8 was found to be IT = 8i = 
29.5«nm (1.16"), we find from equation (128) the length L 
which is a dimension of the main valve (Fig. 57), to be 

L = 115-5"^ (4-65"). 

Both values L and I are minimum values which in practice will be 
increased by a few millimetres. It follows from what has preceded 
that the lower part of Fig. 30, PL VL, gives, full size, the distance 
AF =s X (Fig. 57), which represents the amount that each plate must 
be shifted from the centre to attain the assumed ratio of expansion. 

The preceding investigations apply only to non-reversible engines^ 
but they can be readily transferred to reversible engines. For 
investigating the reverse motion we must, in constructing Fig. 30, 
PL VL, use in place of the eccentricity D of the forward eccentric, 
that of the back eccentric. If we make the angle of advance of the 
expansion eccentric So = 90°, the diagram gives equal results for the 
forward and reverse motion. But in locomotive work, for obvious 
reasons, attention should principally be directed to the forward 
motion and the angle of advance, for the expansion eccentric should 
be taken less than 90^ ; the effect of this is to bring the relative 
eccentricity D» (Fig. 30, PL VI.) nearer to crank position 1, thus 
increasing, as shown above, the limits of expansion. The arrange- 
ment is then less perfect for the reverse motion, but this is not of 
much consequence in locomotives that seldom run backward. 
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Napier and Eankine's Cot-off Gear. 

Ih the introductory remarks to the investigations on double valve- 
gears, attention was called to the fact, that link-motions, with 
but one valve, exhibit the peculiarity of earb'er release and com- 
pression when the expansion la increased. If we suppose the block 
to be so placed in the link that the reaultiog valve-motion is as if an 
eccentric with eccentricity D and angle of advance S (Fig. 58) 
were io action, the four principal crank positions I to 4 will be given 
by the intersections a, b, e, d 
with the lap circles. Now, link- 
motions effect an increase of 
expansion by simultaneously 
varying r and the angle of ad- 
vance S. The figure at once 
ehows that increasing S not 
only shifts position 1 nearer 
to D, but also shifts the re- 
maining positions 2, 3, and 4 
in the same direction ; but the 
shifting of the last three is 

not desirable, and this is particularly true of positions 2 and 3, which 
represent the beginning of the compression and of the release ; 
either these positions should remain invariable, as in all the double 
valve-gears considered above, or they should shift but slightly when 
positions 1 and 4 change. The latter result is attained by Napier 
and Eankine's valve arrangement shown in Fig. 31, PI. VI. ; strictly 
speaking, this gear possesses no expansion -valve which slides on the 
main valve, for the latter S sHdes on a movable valve seat. ITuder 
the main valve lies a frame-like valve So So, whose stem Bo is driven 
by a special eccentric Do = r^, set with an angle of advance of 90° 
(Fig. 31a). This eccentricity ro is small and gives to the induction 
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edges of the cylinder-ports a slight reciprocating motion. In Fig. 31 
both valves are shown in their middle positions; the distance between 
the edges F and E represents the outside lap e ; the inside lap i is 
not specially emphasized in the fignre, but has here exactly the 
same meaning as before (see Fig. 7, p. 25). The action of this gear, 
as Napier and Eankine have shown, can be easily followed with the 
help of one diagram. Fig. 32, PI. VI., represents such a diagram. 

Let C Ci represent the curve on which the centres of the valve 
circles travel when the block is shifted in the liuk, and for the 
present, let ua suppose the block eo placed that the valve moves as 
if it were driven by the eccentric D, Now describe the valve 
circle on O D as a diameter, draw the inside lap-circle, and find the 
intersections 6 and c. If we connect these points with O, crank 
positions 2 and 3 will give us the beginning of the compression and 
of the release. Thus far the procedure is the same as the ordinary 
one, but the determination of positions 1 and 4 is different, for the 
induction edge E is movable ; the problem here is to determine the 
motion of the edge F relatively to the edge E ; but the latter is 
driven by the eccentric Do and the former by D, consequently, 
if we construct on D as a diagonal the parallelogram Dq D D„ 
we shall have D^, for the relative eccentricity, and the circle 
described on the latter as a diameter for the relative valve circle. 
Describing the outside lap-cirele, the intersections a and d will give 
the required crank positions 1 and 4, the former corresponding to the 
beginning of expansion and the latter to the beginning of admission 
at the other end of the cylinder. K the valve So were stationary and 
the outside lap e were the same as before, crank positions 1 and 4 
would lie at 1' and 4', and this shows that Napier and BankijtB 
attained the object mentioned : expansion is varied while 2 and 3 
remain the same. Moreover, the diagram shows ua that the curve of 
centres C C/ of the relative valve circle is parallel to the original 
curve C Cj but at a distance J Tq to the left of it. 

Napier and Ranhinis arrangement is without doubt an ingeniouB 

?, but it will probably not be extensively employed on locomotives ; 

after all, the principal object of the gear is not attained, and when 

the expansion is very great, i. e. when the block is placed nearer the 
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dead point of the link, it but imperfectly fulfils ita purpose, for the 
two crank positiona 2 and 3 approach nearer to the eccentricity D ; 
an earlier compreaaion and release, therefore, still accompanies 
increased expansion, though to a less degree. 



I 



CHAPTEK VI. 
Faecot's Cdt-off Gear. 



Farcot's geaij first used in 1838, is most often found on French 
engines. The form of the main valve is similar to that in Pohnceau's 
and Meyer's gears, i. e. it is provided with steam-ways opened and 
closed by an expansion-valve which slides on the back of the main 
valve. But the gear differs essentially from those hitherto treated 
in that the expansion- valve is loose on the main valve, receiving no 
motion whatever from the outside. In consequence of friction 
between it and the main valve, it is carried (dragged) back and forth 
by the latter, but is prevented from moving with the main valve 
at certain proper points of the latter's travel. This gear does not 
need any special analysis, our diagram easily and briefiy explaining 
the action of the expansion- valve ; here the problem is simply to 
determine the instants at which cut-off takes place and the steam 
way is reopened, and to determine the limits between which ex- 
pansion varies. Farcot's gears may be divided into two classes : 
one in which the expanaion-valve consists of only one piece and 
another in which the expansion-valve consists of two pieces ; we will 
treat these two classes separately 

a. Gear with a One-part Expansion-valve. 
Fig. 33, PI. VI,, shows the valve arrangement of such a gear. 
On the main valve S there is a gridiron plate So So which has two 
lugs nn and acts as an expansion-valre. Between the.se lugs is a 
Btop K at the lower end of an arbor A that passes through a 
stuffing box in the cover of the steam-chest. The form of the stop 
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is shown at Ki and can be brought into different positions by the 
arbor A, end in this way its diameter in the direction of the valve-i 
motion may be varied. 

Now, if we suppose the lower Talve to be abifted to the right (^ 
have supposed both valves to be at first in their middle poaitions] 
the upper valve will move with the lower one till the left lug strikes. 
the stop ; the upper valve then stands still while the main valve con- 
tinues its motion ; consequently the plates of the expaDsion-valvei 
pass over the steam-ports in the main valve, contracting the latter 
and then closing them at a certain moment. 

If the main valve moves to the left it takes the expansion-valve 
with it till the right-band lug strikes the stop ; then the upper valve 
becomes stationary and thus causes the steam-ports to reopen for the 
next stroke. By turning the atop K the lugs can be made to strike 
sooner or later, thus varying the expansion. 

For the purpose of investigating the action of this gear the two 
valves are represented in their simplest form in Fig. 34 and are pro- 
vided with a single steam-way for each end of the cylinder. To 
solve the problem stated above it is of no consequence whether there 
is one large steam-way or several smaller ones. The following 
vestigation will show why it is that one wide steam-way is generally 
replaced by several narrow ones. 

In Fig, 34 the axis S X passes through the centre of motion of 
the main valve S, and the latter is shown in its extreme lefti-hand 
position, the valve centre B is therefore at the distance of the eccen 
tricity r from the centre of motion. While the lower valve moves 
to the left, the right-hand lug of the expansion-valve So is kept back 
by the stop, in the position shown. The stop is so placed that its 
diameter in the direction of the valve-motion is 2« ; by turning the 
atop ic can be varied from a certain minimum value arj to a certain 
maximum value x^. The notation employed in tbe foUowiug dia- 
cuesion is inscribed in the figure and needs no special explanation. 

If we now suppose the main valve S to be moved from its extreme 
left position to the right, the lug or shoulder will strike against the 
stop after both valves have traversed the distance y ; the expansion- 
valve, and consequently its edge F|, is therefore stationary ; if now 
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the naio vaWe continues its motion to the right, when it has moved 
throQgh the distance Fi E, = 8, the steam-way will be closed and 
expansion will begin. The whole movement of the valve S to the 
right from its extreme position is therefore y-\-8i; as it is now 
beyond the centre of motion and, according to the following dis- 
cDBsion, must be beyond this centre, the valve movement f, or distance 
of the centre of the valve from the centre of motion, is 

i = y + ;-r. 
Now according to the figure, 



wbicli gives 



L + r = ,, + ; + J + I 
i=L -l-x. 



(ISO) 



L 



In the assumed valve-arrangement L — / is constant, and this 
enables us, for every position a of the stop, to determine the position 
of the main valve which gives the crank position, the corresponding 
piston position, and the corresponding ratio of expansion. But all 
these determinations can ba made with the help of the diagram. 
Before entering on these questions we will make the following 
remarks. The contraction of the left steam-way begms when the 
valve edge Fi is at the right-hand edge of the port, i. e. when the 
valve S has travelled the distance y + Si - «o to the right from the 
extreme positions ; in other words, when it is at the distance 

ii = y + 'i - fh - f, 
from the centre of motion ; according to preceding equations we also 
have 

f, = L- i-a-oo, (131) 

and for this valve movement we can, as before, readily find the 
corresponding crank position. In like manner, if we direct our 
attention to the right-hand side of Fig. 34, we can easily determine 
the position of the main valve at the instant when the right-hand 
steam-way is just beginning to open and when it is just closed. In 
the first case the valve has travelled from the extreme position a 
distance y H- Sj, and in the second case the distance y 4- Sj + «o ; or. 
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estimating the di»taDces from the centre of motion, we hare respec- 
tively the valve movementa 



sad 




i,-y + 


. - r 


1 






f» = ? + «,-•■- Oo. 


^ 


Now, 


accordin 


g to the figure, 
«, + L- 


r = l+x. 


m 


and, since y = 2 Z, - 2 ic, we have, 
of y and Sj in the foregoing equati 


jy substituting the 
ona, respectively i 


esnltiDg values 






f. = 2^-(L 


- Z) - X. 
-r)-a,-x. 


(132) 
(133) 



The four values for the valve movement given by equations (130) to 
(133) then correspond to crank and piston positions which are easily 
determined ; but we will confine ourselves to the consideration of the 
valve movement f corresponding to the beginning of expansion ; 
possibly the valve movement fa may be of interest, but it is easy to 
see that the reopening of the steam-way does not occur nntil after 
the piston has begun its return stroke, and this at once disposes of 
the only reason for a closer examination, the object of the latter 
being to ascertain whether steam is admitted twice during the same 
stroke. Of still less interest are the valve positions f, and fg, the 
signification of which has already been explained. 

We will now pass to the construction of the diagram, and will 
assume that the eccentricity r and angle of advance 8 of the main 
valve's eccentric are given, and will construct the valve circle D 
(Fig. 35, PI. VI.). Measure the lengths L and I (Fig. 34) and deBcribe, 
from O as a centre and OA = L-?asa radius, a second circle 
AKKi, which we may also regard as the crank-pin circle; finally, if 
we lay offtowardO the distance AX = ic, we shall have OB = O A - 
AB = L — Z— !« = f = the valve movement given by equation 
(130) ; if, with B as a radius, we describe a circle and continue it 
till it intersects the valve circle at P, K will be the crank and 
L the piston position corresponding to the beginning of espansioif 
and this completes the presentation of the diagram for Farcot's gear, 
for it is easy to solve the inverse problem ; namely that of determining 
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the position x of the stop for a giTen expansion. We simply deter- 
mine the crank position E corresponding to the piston position L ; 
the distance B P measured on R is the required value of x. 

If we follow the intersection P on the valve circle we see that 
there is a minimum value for x, namely, E, Dj = aii ; if a; were taken 
smaller, the expansion-valve would not close the steam-way but 
simply narrow its opening. In this way we obtain an upper limit 
for expansion ; at this limit the crank direction, at the instant of 
cut-off, coincides with the direction of the eccentricity D = r ; as 
h is always greater than zero, piston position L, for greatest cutK»ff 
always falls in front of the middle point H of the stroke. lu 
Farcot's gear, therefore, the ratio of expansion can never reach 0'5 ; 
this is a restriction which prevents Farcofs gear from being applicable 
to all cases. 

On the other hand, with this gear the ratio of expansion may 
be reduced to zero. For if we make a; = A Bo {Fig. 35), this greatest 
value of X, which we wul designate by x^, will cause the steam to be 
cut off just at the beginning of the stroke. In designing a new gear 
we must assume the values of r, B and the minimum value Xi ; in 
our example we have taken r = 40°™ (1"57"), S = 15°, and jü, = 
15°"° (0 ■ 59"). Then, according to Fig. 35, we have : 

l,~l=r+x,, (184) 

and for the maximum value A Bg = a^j : 

!^ = L-I-r8in8. (13Ö) 

In" our case L - i = 55™ (2-17") and x^ = 44"- (1-73"). There 
now remains the distance 2 ^ to be determined (Fig. 34, PI. VI.) ; 
in this determination we assume that a^ = Si, i. e. that the steam-way 
is fully open even when x is smallest, 

But we then have : 

a^ ■\- 1 -\- y + Xt =L-|-r. 
This gives, since 
and 
the equation : 



y = 2 (, - 2 



^ 2 {L - - « 



(136) 
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But it is easy to see that we must also have : 

and this combined with equation (136) gives : 

Oo < 2 (L — ^ — ajg) . 

In the present example, therefore, the width a^ of the steam-way 
must be smaller than 22™" (0*87"): if we employ two steam- 
ways, each 15"^ (0 • 59") wide, the total width of the admission-port 
becomes 2ao = 30™^ (1-18"), and, according to equation (136), we 
must make 2li = 95™» (3 • 74"). 

h. Grear with a Two-part Expansion-valve. 

In the one-part valve-gear just discussed the opening and closing 
of the steam-ways is effected by the lugs striking against the stop ; 
but this has the disadvantage, that the steam-ways in the expansion- 
valve must be considerably wider than those in the main valve. If, 
when Xi has its minimum value, the distance «i between the edges Fi 
and El (Fig. 34, PL VI.) is equal to the width Uq of the steam-way 
as was assumed above, then the distance Si corresponding to the 
maximum value of x (which is 0:2) is given by the equation : 

«1 + Z + 2Z1 — »gsL + r, 
and making use of equations (136) and (134), we get : 

8i =r Öq "r •'^ ^ •''1 5 

the steam- way in the expansion-valve must at least have this width if 
it is to be fully open even when the expansion is greatest (i. e. when 
ratio of expansion is zero) ; now although this is not necessary, it is 
nevertheless true that with the one-part valve these steam-ways are 
wider than those in the main valve : it is on this account that two-part 
expansion-valves are preferred. 

The main valve S (Fig. 36, PL VI.) carries the two gridiron-valves 
So and Sq ; each of these is provided on the inside with a lug n that 
strikes against the stop K ; at the outer end of each plate there is a 
second lug m that strikes against a projection q. 

Let us now examine the left half of the valve arrangement and 
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suppose the main valve to travel from left to right, the lug n will 
then Btrike the stop and the plate closes the steam-way at a certain 
piston position. Now, when the main valve returns, that is, moves 
from right to left, there will be a cerlain position in which the 
lug m strikes the projection and so places the ex pan eion- valve that 
its steam-ways come over those of the main valve and thus again 
prepare for the admission of steam. 

To investigate the action of this valve arrangement we have 
drawn the skeleton figure 37 on PI. VI., and there inscribed the 
symbols that are to be used in what follows. 

The main valve ia shown in its extreme left-hand position, con- 
sequently the valve centre B is at the distance B X = r from the 
centre of motion. In this position the Ing m of the left valve-plate 
Sj just touches the projection q, and one of the steam-ways a„, which 
are here of the same width, stands over the other. 

If we suppose the valve S to move from left to right, the ex- 
pansion-valve will move with it the distance y and then stop, Tben 
if the lower valve moves until it has travelled the additional distance 
«0, cut-off will take place ; the total travel of the main valve from 
the extreme position to the beginning of expansion is therefore 
y + «0, or, expressed in terms of the valve movement f from the 
centre of motion, this becomes 

i = «„ + y-r; 
bat according to the figure : 

consequently 

which is exactly the same equation that was obtained for the one- 
part valve ; every part of the diagram given in PI. VI., Fig. 35, is 

therefore applicable to the present valve-gear. We will add the 
following concerning the dimensions of the plates. 

That the plate may shut the steam-way, even when x is at its 
minimum Xi, the edges Fu must be to the right of E, (see Fig. 37, 
right-hand side), or at moat the two edges may coincide; in the 
latter case we have 

h~r = x, + l, 

a 2 
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or exactly, as above, 

L-2 = r + a;i. (137) 

Finally the plate must have a certain prescribed length Z2. For if 
the stop is so set that the maximum value o^ of a; is in action, the 
left edge A of the expansion-plate must not open the steam- way, i. e. 
it must not pass to the right of the edge I. The extreme limit is 
when A coincides with I, in this case we have 

the distance between the edges Fa and Eg being again designated by 
$2. Now according to the figure 

L— r + «2 = a;, + Z, 
consequently 

«a = r -f «2 - (L - Z), 

or, employing equation (137), we get 

«2 = 052 — a? 1. 

From this follows the minimum length of the plate : 

^2 = «0 + ^2 — ^1 » 

and this length may be easily determined from the diagram. 

Recently attempts 6ave been made to improve Fareofs gear so 
that it would give later cut-offs than are possible with the arrange- 
ment here discussed. At the Vienna Exposition there was an engine 
with a valve-gear in which the Fared valve was not in immediate 
contact with the main valve but separated from it by a third valve 
driven by a special eccentric. (See Bingler^s polyt. Journal, Jahrg., 
1874, Article by Müller-Melchiors, p. 359.) 

On the other hand, Guhrauer proposes (Zeitschrift des österreich- 
ischen Ingenieur- und Architekten-Vereines, 1872, Heft 16) to move 
the stops by means of an eccentria 

Although the object can be attained by these methods, it is open 
to question whether the increased work of friction does not more 
than neutralize the advantage obtained. 

On the whole, Georges\ GuinoUe's and Meyer's gears are preferable 
to Fareofs gear, even with the improvements last mentioned ; and of 
the first three, Meyer's deserves the preference because it has the 
least valve-friction. 
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Philipps, ingenieur des mines. Theorie de lit Coulisse (de Stephen- 
son) servant ä produire la detente variable dans les machines ä 
vapeur, et parti culierement dans les machines locomotives. 
Annates des Mines, Tome III. 1854. 

Deutsch im Ci vi lin genie ur, Bd. I, S. 164 1851 ' Theorie der 
variabeln Expansion mittelst Stephenson's Ooiilisae.' 

This treatise by Philippg is the first* one which was published on link- 
motioiiB ; it explain», bnt only in an analytical manner, StepkenBOng 
valve-motion for equal and unequal angles of advance, as well as for 
open and crossed rods. 

Wekbach, Bergrath, Professor, Dr., Ingenieur- und Maschinen- 
Mechanik, Bd. Ill, S. 650, 



i also Stephenson's valve-motion, but only in an analytical 
manner, and only for equal angles of advance and open roda. But 
Wewback gives the general formula for the movement of the valve 
somewbat different from the formula as given by Philippe, and was the 
first to give it in the form developed in the present treatise (Zeuner's). 



Zech, E., Ingenieur. Zeitschrift des österreichischen Ingenieur- 
Vereines. 1855. 7. Jahrgang. 

Zech finds in bis treatise, which was pnbUshed almost eimnltaneoualy 
with that by Weisbach, the same formula for the movement of the valve 
in Slepheiaon'» valve-motion, but gives also for the first time the entire 
tbeory of Oooeh'g valve-motion. Besides, Zech states at the end of his 
very elegant mathematical investigation, that the two equations which 
he obtains for the movements of the valves in both valve-motions, are 
the polar equations of cirdes, bnt he does not give any fmiher attention 
to the matter. 

• D. Kinoear Olatk'B ' Railway Machinery," publiahed ii 
or the action of the varietiea of link-iaoti 
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Redtenbacher, Hofrath, Professor. Gesetze des Locomotivbaues 
(Mannheim, 1855), S. 100: 'Die STEPHENSON'sche Taschensteu- 
erung.' 

Bedtenbacher examines only Stephenson's yalye-motion, but neglects 
several quantities in the approximate calculations to such an extent, that, 
although a simpler formula for the movement of the yalve is obtained, 
the most remarkable peculiarity of Stephenson's yalye-motion (yariation 
of the lead) cannot be recognised in it. Stephenson's yalye-motion, 
according to Bedtenbacher, has a constant lead for all degrees of 
expansion. 

After the treatises giyen aboye, the following ones were published by 
the author of the present book ; all important yalye-motions were examined, 
and the circle diagram applied for the first time. 

Ueber die Coulissensteueningen. Civilingenieur, Bd. II, S. 202. 
1856. 

Examines Stephenson's and Gooch's yalye-motions for open and crossed 
rods. 

Ueber die Dampfvertheilung bei den neuem Locomotivensteu- 
erungen. Civilingenieur, Bd. Ill, S. 10. 1857. 

Examines Stephenson's and Hawthorn's yalye-motions; also those 
giyen by Heusinger von Waldegg, Gonzenbach^ and Meyer. 

Ueber die Diagrammsteuerung. Civilingenieur, Bd. Ill, S. 155. 
1857. 

Describes a simple model for use at lectures, by means of which the 
law of the motion of the valve of all link-motions may be shown in a 
clear manner. 

Ueber die Loeomotivsteuerung mittelst der STEPHENSON'schen 
Coulisse. Schweizerische polyteehn. Zeitschrift, Bd. I. 1856. 



Beüleaüx, Professor. Die ALLAN'sch^ Coulissensteuerung. Civil- 
ingenieur, Bd. Ill, S. 92. 1857. 

In this, as well as in all following treatises, the diagram is applied. 
Benleaux gives here for the first time the entire theory of Allan's very 
ingenious valve-motion with a straight link. 
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Lehhanüt, Ingenieur F. Die BoRsio'sche Locomotivsteiierung. 
Oi^an f&r die Portachritte des Eisenbahnwesens, Bd, XIII, S. 
241. ISS«. 

The treatieo gives the description, theory, and the diagram of the 
douhle valvo-motion, which is applied to most of Borgig's locomotiTes. 



Jenni, Bergrath, Professor. Ueber die wichtigsten Constructiona- 
verbältnisae imd einige neue Anordnungen bei doppelt wirkenden 
stationären Hoehdrucbdampfmaachinen mit ISchie beratene rangen. 
Berg- und Hiittenmämiisches Jahrbuch der K. K. Schemnitzer 
Bergacademie, Bd. VIII. Wien 1859. 

This Gzcellent treatise givee the entire theory of the eimple Talve- 
motion, as well as that by Stephetuon and Gooch ; it gives also, for the 
first time, tho theory and diagram of Pius Fink's link-motion, withont, 
however, considering the missing quantity. 



VOLKMAE, Ingenieur, W. Eine neue Expansionssteuerung far Loco- 
motiven, Civilin genie ur, Bd. V, Ö. 179. 1859. 

The treatise gives the entire theory of the double valve-motion in- 
vented by Volkmar, and which has been applied to engines of the 
North-EaBtem Hail way of Switzerland. This very ingenious mechanism 
is related to Giiinotle's gear. Volimar drives a Foloneeau valve by a link 
of which one end is driven by an eccentric while the other is attached 
to the end of main valve rod. In a certain sense Volhaar's gear is the 
intermediate link that connects PolonceauB gear with Guinofle's, for in 
Tolkmar's gear tho relative, straight, line of centres is inclined to tho 
axis of abscissas, bnt passes tb»>ngh the centre of crank-shaft. 



FuHST, Ingenieur, H. ' Untersuchungen über die MEYBR'sche vari- 
able Expansion ' und ' Die MEYER'sehe variable Expansion als 
Locomotivsteuerung.' Dingier's polytechn. Journal, Bd. 151, 
Heft 2 bis 5. 1859. 

The first treatise contains a few special investigations of Meyer's 
valve-motion by means of the diagram ; the author proposes in the other 
treatise to apply, instead of Stephenson's link, a link which swings round 
a fixed centre, and is moved by one eccentric. 
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Maaehinenmeister. Ueber Jjocomotiveiisteuerangen im 
Allgemeinen und insbesondere die Steuerung von Poionoeau. 
Civilingenieui-, Bd. VI, S. 110. 1860. 

The author giTes here, for the first time, a doBCription of Polowxav!» 
TBlre-motion, and esaminea ita action by means of the diagram. Besides, 
the treatifle compares the different valve-motions applied to looomotiveB, 
with respect to the distribution of the steam. 



Von Gbimburq, S., Ritter. Bemerkungen über die Fius'sche St«u- 
erimg. Zeitschrift des öaterr, Ingenieur-Vereins. 1862. 

Contains the theory of the valve-motion (without cosBidering the 
missing quantity), and proves by an example tho coincidence of the 
reenlts of the diagram, with those obtained by oxperimeuts on a model. 



Schmidt, Gustav, ProfeBSor. Die Coulissenateuemngen. Zeitschrift 
dea öaterr. Ingenieur- Vereins. 1866. 

The treatise contains the investigation of the chief formulas, and of 
the digrams of the valve-motions hy Stephenson, Qooch, Allan, Heusinger 
von Waldegg, and Finlc. Schmidt also determines here, for the first 
time, the missing quantity for Fink's valve-motion (a little different 
from the results of the present third edition of Zeuner's treatise on 
valve-motions), and the treatise gives for the other valve-motions a 
t way of determining the chief formulas, but besides these, it 
contains no results which are not to be found in the former editions of 
this book. 

Müller, Ober-Ingenieur, 0. H. Ueber Umsteuerungen, besonders | 
für Schiffsmaschinen. Zeitschrift des Vereins deutscher Inge- [ 
nieure. Bd. X. 186e. 

This article examines with great knowledge the reversing motions as I 
applied to marine engines, and finally points out the advantages of j 
Fink't valve-motion for this very clase of engines. 



Maw, W. H., and Slade, Fred. J. Locomotive Engineering and ] 
the Mechanism of Railways. By Zerah Colburn, 1867. 

This work contains several chapters, by W. H. Maw and F. J. Slade, \ 
devoted to the geometrical investigation of the various link-motiona i 
in general use on locomotive engines, including Stephenson't, Ooneh'i, 
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Allan's, aad Heuainger von Waldegg's. The methods of adapting the 
Talve-gears to the variouB circumstances met with in practical construc- 
tion are aleo considered. 

VoLKMAB, Ingenieur, W. Ueber Verbesserungeo an den Expansions- 
steuemngen mit einem Schieber. Organ für die Portschritte des 
Eisenbahnweeena. 1868. 

An interesting article, which examines minutely the distribution of 
the steam of the valve-motions with one valve, and which shows the 
advantages of Trick's port-valvo. 



!Napier and Mäcqüoen IIankike. On the use of movable seats for 
slide-valvea (The Engineer, October 1867. See also Deutsche 
Industrie-Zeitung, Jahrg, 1868.) 

This article describes the ii^nioas valve arrangement discussed in 
the present edition under the head of " Napier and RanJcine's Cut-off 

PiCHADLT, S., Ingenieur. " Di agram magraphe." Precedes theoriquea 
et pratiques pour ^tabÜr et pour verifier lea distributions des 
machines ä vapeup. 

'Annaloe indnBtrielles,' 1871. This has also been published as a 
separate paper : Paris, 1872. It describes a device for generating our 
polar diagram mechanically ; as the diagram thns drawn is an exact 
one, it shows the disturbing influence of the length of the eccentric rods 
on the quantities given by the diagram. PieliauU bases his worh on 
my propositions and formulas, but incorrectly states, in this paper and 
in another mentioned below, that I was assisted by the French engineer 
Philipp» in establishing my polar diagram. Philipps did write a paper 
which in its second part discusses tbe polar diagram, but it was not 
sent to the Academy of Sciences in Paris tül 1860, and Philipps himsolf 
conceded at the time (' Oomptea rendus,' 1860. p. 935) my undoubted 
priority in the matter, and that he could not contest it. 



GuiNOTTE, Lucien, Ingenieur, fitude generale aur la detente vari- 
able et gpecialemeut aur son application aux machines d'extraction. 
Systeme nouveau applicable ä toutes especes de machines ä 
vapeur. Mens, 1871. 

This excellent treatise has already been discussed in this book and 
received due consideration and appreciation. A good outline of GuinoUe'i 
paper may be found in the Polytechnischen Centralblatt, 1871, p. 1303. 
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HuNAEüS, 0., Ingenieur. Die Anwendung der geraden Coulisse bei 
der FiNK'schen Umsteuerung. Civilingenieur, Bd. 19. 1873. 
The contents of this article are stated on p. 167 of this book. 



Mülleb-Melchiobs, Ingenieur. Die Dampfmasehinensteuerungen 
auf der Wiener Weltausstellung 1873. Dingler's polytechnisches 
Journal 1874, S. 1. 

This article presents clearly and discusses thoroughly the valve- 
gears at the Vienna Exposition ; some of the more important valve-gears 
are investigated with the aid of the diagram. 



PiOHAULT, S., Ingenieur. Etude sur les appareils de distribution de 
vapeur, exposes ä Vienne en 1873. ^Annales industrielles,' 
6. ann^e. 1874. 

A very comprehensive and, so far as the mathematical treatment is 
concerned, an elegantly written treatise, which gives special attention to 
Cruinotte'a gear, discussing the latter with great detail ; we have quoted 
it in the text. When deducing the valve movement for GoocVs link- 
motion under the supposition that the eccentricities, angles of advance, 
&c., were unequal, I followed, at the beginning of the investigations, 
PickauUs line of thought, but not later on, for in order to obtain certain 
roles or propositions given by Ouinotte, Pichault goes too feur in the way 
of neglecting certain terms of the formulas, namely, without saying so, 
he finally assumes infinitely long eccentric rods. 



Dwelshausen-Dery. Exposition universelle. Eevue des machines 
motives. Revue universelle des mines, etc., de Guifer. 20. annee. 
Tome XXXIV. 1873. 

Among other things, the report treats with great detail the valve- 
gears at the Vienna Exposition. The report is one of the best works 
on the prime movers at the Exposition that have appeared. 



Balguebie, a., Ingenieur. Note sur les reactions du coulisseau sur 
la coulisse de distribution et sur le retour brusque du levier de 
changement de marche dans le cas du renversement de la distribu- 
tion. Bulletin de la Societe d'Encouragement, etc., 1874, p. 73. 

A highly interesting study concerning the intensity of the force with 
which the reversing lever of a link-motion tends to leave its position in 
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consequence of the resistance offered by the valve, and it also treats of 
the force to be exerted by the driver when reversing. The question is 
discussed analytically for the first time, and with the aid of the diagram, 
yielding interesting results. The question is also of practical importance, 
for the sudden flying back of the reversing lever that sometimes takes 
place is dangerous for the locomotive driver. 
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A Pocket-Book for CkemistSy Chemical Manufacturers^ 

Metallurgists^ Dyers, Distillers^ Brewers^ Sugar Refiners, Photographers^ 
Students, etc., etc. By Thomas Bayley, Assoc. R.C. Sc. Ireland, Ana- 
lytical and Consulting Chemist and Assayer. Second edition, with 
additions, 437 pp., royal 32mo, roan, gilt edges, 5^. 

Synopsis of Contents : 

Atomic Weights and Factors^UsefuI Data — Chemical Calculations— Rules for Indirect 
Analysis — Weights and Measures — Thermometers and Barometers — Chemical Physics-« 
Boiling Points, etc.— Solubility of Substances— Methods of Obtaining Specific Gravity— Con- 
version of Hydrometers — Strength of Solutions by Specific Gravity^-Analysis— Gas Analysi»* 
Water Analysis— Qualitative Anal3rsis and Reactions— Volumetric Analysis — ^Manipulations- 
Mineralogy — Assajring — * Alcohol — Beer — Sugar — Miscellaneous Technological matter 
rekudng to Potash, Soda» Sulphuric Add, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, Appendix, etc., etc. 

The Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Young Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing and Forg- 
ing ; the Construction and Manufacture of Hand Tools, and the various 
Methods of Using and Grinding them ; the Construction of Machine Tools, 
and how to work them ; Machine Fitting and Erection ; description of 
Hand and Machine Processes ; Turning and Screw Cutting ; principles of 
Constructing and details of Making and Erecting Steam Engines, and the 
various det^s of setting out work, etc., etc. By Cameron Knight, 
Engineer. Containing 1 147 illustrations^ and 397 pages of letter-press. 
Thud edition, 4to, cloth, lis» 
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On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst. Mech. Engineers, Author of 'Designing Valve 
Gearing.' Fcap. 8vOi sewed, 6d, 

A Handbook of Formulce, Tables^ and Memoranda^ 

for Architectural Surveyors and others engaged in Building, By J. T. 
Hurst, C.E. Thirteenth edition, royal 32mo, roan, ^s, 

t 

^ " It is no disparagement to the many excellent publications we refer to, to say that in our 
opinion this little pocket-book of Hurjtt's is the very best of them all, without any exception. 
It would be useless to attempt a recapitulation of the contents, for it appears to contain almost 
everything that anyone connected with building could require, and, best of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by 3 in., and about f in. thick, 
in a limp cover. We congratulate the author on the success of his laborious and practically 
compilM little book, which has received unqualified and deserved praise from every profes- 
sional person to whom we have shown it."— The Dublin Builder. 

The Cabinet Maker ; being a Collection of the most 

approved designs in the Mediaeval, Louis- Seize, and Old English styles, 
for the use of Cabinet Makers, Carvers, &c By R. Charles. 96 plates^ 
folio, half-bound, loj. 6^. 

Quantity Surveying. By J. Leaning. With 42 illus- 



trations, crown 8vo, cloth, qj. 



Contents : 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Q9L 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Examples of Treatment. 
Abbreviations. 
Squaring the Dimensions. 
Abstracting, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to eadi Trade. 
Form for a Bill of Quantities. 
Do. Bill of Credits. 
Do. Bui for Alternative Estimate. 
Restorations and Repairs, and Form of Bill. 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Rices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Okl Method. 
Northern Practioe. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of "Taking Off'* in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



A Practical Treatise on Heat^ as applied to the 

Useful Arts; for the Use of Engineers, Architects, &c. By Thomas 
Box. With 11^ plates. Third edition, crown 8vo, cloth, 12s, 6d, 

A Descriptive Treatise on Mathematical Drawing 

Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, witii hints upon Drawing and Colour- 
ing. By W. F. Stanley, M.R.L Fifth edition, with nunyrous illustrations^ 
crown 8vo, cloth, 5j. 
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Spons Architects aftd Builders Pocket-Book of Prices 

and Memoranda. Edited by W. YouNG, Architect. Royal 32mo, roan, 
4f. 6d. ; or cloth, red edges, 3J. 6d, Published annually. Tenth edition. 
Now ready, 

Long-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst C.E. Plates, crown 8vo, 
doth, 5^. 

Elementary Theory and Calculation of Iron Bridges 

and Roofs, By August Ritter, Ph.D., Professor at the Polytechnic 
School at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt. R.E. With 500 illustrations, 8vo, cloth, 15J. 

TJie Builders Clerk : a Guide to the Management 

of a Builder's Business. By Thomas Bales. Fcap. 8vo, cloth, \s. 6d,' 

The Elementary Principles of Carpentry, By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Third 
edition, crown 8vo, cloth, i8Jr. 

Section I. On the Equality and Distribution of Forces — Section II. Resistance of 
Timber— Section III. Construction of Floors — Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas— -Section VI. Construction of Partitions- 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
Bridges— Section IX. Coffer-dams, Shoring, and Strutting— Section X. Wooden Bridges 
and Viaducts— 'Section XI. Joints, Straps, and other Fastenings — Section XII. Timber. 

Our Factories, Workshops, and Wareliouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst. C.E. With 183 wood engravings, crown 8vo, cloth, 9J. 

Gold : Its Occurrence and Extraction, embracing the 

Geographical and Geological Distribution and the Mineralogical Charac- 
ters of Gold-bearing rocks ; the peculiar features and modes of working 
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ; the Reduction 
and Separation of Auriferous Quartz ; the treatment of complex Auriferous 
ores containing other metals ; a Bibliography of the subject and a-Glossary 
of Technical and Foreign Terms. By Alfred G. Lock, F.R.G.S. With 
numerous illustrations and maps^ 1250 pp., super-royal 8vo, cloth, 
2/. \2S, 6d, 
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Progressive Lessons in Applied Science. By Edward 

Sang, F.R.S.E. Crown 8vo, cloth, each Part, y. 

Part I. Geometry on Paper — Part a. Solidity, Weight, and Pressure — Part 3. Trigono- 
metry, Vision, and Surveying Instruments. 

A Practical Treatise on Coal Mining. By George 

G. Andre, F.G.S., Assoc. Inst. C.E., Member of the Society of Engineers. 
With 82 lithographic plates, 2 vols., royal 4to, cloth, 3/. I2J. 

Sugar Growing and Refining: a Comprehensive 

Treatise on the Culture of Sugar-yielding Plants, and the Manufacture, 
Refining, and Analysis of Cane, Beet, Maple, Milk, Palm, Sorghum, 
and Starch Sugars, with copious statistics of their production and com- 
merce, and a chapter on the distillation of Rum. By Charles G. 
Warnford Lock, F.L.S., &c, and G. W, Wigner and R. H. Harland, 
FF.C.S., FF.I.C. Wüh 205 illustrations^ 8vo, cloth, 3CW. 

Spons* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. I, Ceylon. By Abraham Deane, C.E. 2s, 6d, 

Contents : 

Introductory Remarks— Natural Productions—- Architecture and Engineering— Topo- 
graiJiy, Trade, and Natural History— Principal Stations— Weights and Measures, etc., etc. 

No. 2. Southern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.I. With 
Map. 3^. 6d. 

Contents : 

General Description of South Africa — Physical Geogpraphy with reference to Engineering 
Operations — Notes on Labour and Material in Cape Colony — Geological Notes on RotSi 
Formation in South Africa — Engineering Instruments for Use in South Africa — IVincipal 
Public Works in Cape Colony : Railways, Mountain Roads and Passes, Harbour Works, 
Bridges, Gas Works, Irrigation and Water Supply, Li|;hthouses, Drainage and Sanitary 
Engineering, Public Buildmgs, Mine« — ^Table of Woods in South Africa — ^Animals used for 
Draught Purposes — Statistical Notes — ^Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F. C. Danvers, Assoc. Inst C.E. With Map. 4J. 6ä. 

Contents : 

Physical Geography of India — ^Building Materials— Roads— Railways — Bridges— Irriga- 
tion — River Works — Harbours— Lighthouse Buildings — Native Labour — The Principal 
Trees of India-«-Money— Weights and Measures^Glossary of Indian Terms, etc. 

A Practical Treatise on Casting and Foundings 

including descriptions of the modem machinery employed in the art. By 
N. E. Spretson, Engineer. Third edition, 'v^ith 82 plates drawn to 
scale, 412 pp., demy 8vo, cloth, i8j. 
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The Clerk of Works: a Vade-Mecum for all engaged 

in the Superintendence of Building Operations. By G. G. HosKlNS, 
F.R.I.B.A. Third edition, fcap. 8vo, cloth, u. dd. 

Tropical Agriculture ; or, the Culture, Preparation, 

Commerce, and Consumption of the Principal Products of the Vegetable 
Kingdom, as furnishing Food, Clothing, Medicine, etc., and in their 
relation to the Arts and Manufactures ; forming a practical treatise and 
Handbook of Reference for the Colonist, Manmacturer, Merchant, and 
Constmier, on the Cultivation, Preparation for Shipment, and Commercial 
Value, etc., of the various Substances obtained from Trees and Plants 
entering into the Husbandry of Tropical and Sub-Tropical Regions. By 
P. L. SiMMONDS. Second edition, revised and improved, 515 pages, 
8vo, cloth, i/. I J. 

Steel: its History^ Manufacture^ and Uses. By 

J. S. Jeans, Secretary of the Iron and Steel Institute. 860 pages and 
2^ plates i 8vo, cloth, 36J. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. 
West, Practical Iron Moulder and Foundry Foreman, Second edition, 
with numerous illustrations^ crown 8vo, cloth, lar. 6</. 

The Maintenance of Macadamised Roads. By T. 

.CODRINGTON, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. 8vo, cloth, ds. 

Hydraulic Steam and Hand Power Lifting and 

Pressing Machinery, By Frederick Colyer, M. Inst C.E., M. Inst. M.E. 
With *j'^ plates^ 8vo, cloth, i8x. 

Pumps and Pumping Machinery. By F. Colyer, 

M.I.C.E., M.I.M.E. With 2^ folding plates, 8vo, cloth, I2J. ^. 

Tables of the Principal Speeds occurring in Mechanical 

Engineering, expressed in metres in a second. By P. Keerayeff, Chief 
Mechanic of the Obouchoff Steel Works, St. Petersburg ; translated by 
Sergius Kern, M.E. Fcap. 8vo, sewed, dd. 

Girder Making and the Practice of Bridge Building 

in Wrought Iron, illustrated by Examples of Bridges, Piers, and Girder 
Work, etc., constructed at the Skeme Iron Works, Darlington, by 
Edward Hutchinson, M. Inst. M.E. With 35 plates, demy 8vo, 
cloth, lOr. dd. 
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Spons^ Dictionary of Engineering, Civil, Mechanicaly 

Military^ and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings ^ in super-royal 8vo, 
in 8 divisions, 5/. is. Complete in 3 vols., cloth, 5/. ^s. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. 12^. 

Seepage 15. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc. By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc., etc. With 10 plates, crown 8vo, cloth, yx. dd. 

Metrical Tables. By G. L. Molesworth, MJ.C.E. 

32mo, cloth, \s, 6d. 

Contents. 

General — ^Lfnear Measures — Square Measures — Cubic Measuf es— Measures of Capacity- 
Weights — Combinations — Thermometers. 

A Handbook of Electrical Testing. By H. R. 

Kempe, Member of the Society of Telegraph Engineers. New edition, 
revised and enlarged, with 81 illustrations. Crown 8vo, cloth, I2J. 6^. 

Electro 'Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer. A Book for Beginners. Illustrated, Fcap. 8vo, 
sewed, 6</. 

Handrailing : by the Square Cut. By John Jones, 

Staircase Builder. Fourth edition, with seven plates, 8vo, cloth, 3X. öäf. 

Handrailing : by the Square Cut. By John Jones, 

Staircase Builder. Part Second, with eight plates, 8vo, cloth, jj. 6^. 

The Gas Consumers Handy Book. By William 

Richards, C.E. Illustrated. i8mo, sewed, td. 

Steam Heating for Buildings ; or, Hints to Steam 

Fitters, being a description of Steam Heating Apparatus for Warming 
and Ventilating Private Houses and large Buildings ; with Remarks on 
Steam, Water, and Air in their relation to Heating ; to which are added 
miscellaneous Tables. By J. W.' BALDWIN, Steam Heating Engineer. 
With many illustrations. Second edition, crown 8vo, cloth, icj-. dd. 
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A Pocket-Book of Useful Formula and Memoranda 

for Cvvil and Mechanical Engineers, By Guilford L. Molesworth, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations^ 744 pp. Twenty-first 
edition, revised and enlai'ged, 32mo, roan, öj. 

Synopsis of Contents: 

Surveying, Levelling, etc. — Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses — Flooring, Rooting, and Roof 
Trasses — Girders, Bridges, etc. — Railways and Roads — Hydraulic Formulae — Canals. Sewers, 
Waterworks, Docks— Irrigation and Breakwaters — Gas, Ventilation, and Wanning — Heat, 
Light, Colour, and Sound — Gravity: Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc. — Workshop Recipes — Sundry Machinery — ^Animal Power — Steam and 
the Steam Engine — ^Water-power, "^ater-whcels, Turbines, etc. — Wind and Windmills — 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, 'etc. — ^Weights, 
Measures, and Money — ^Trigonometry, Conic Sections, and Curves — Telegraphy— Mensura- 
tion— Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc. — Useful Numbers— Dififerentiau and Integral Calcu- 
lus—Algebraic Signs — ^Telegraphic Construction and Formulae. 

Sponi Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors* Handbook,* * Hurst's Tredgold's Carpentry,* etc. Fifth edition, 
64mo, roan, gilt edges, \s, ; or in cloüi case, \s, 6d. 

This work is printed in a peari type, and is so small, measuring only 2i in. by zf in. by 
i in. tfaidc, that it may be easily carried in the waistcoat pocket. 

** It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but 2^ in. by if in., yet these dimensions faithfully represent the size of the handy 
litde book before us. The volume — which contains xx8 printed pages, besides a few blank 
pages for memoranda — is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat podcet, and containing a far greater amount and variety of information than mo^ people 

would imagine could be compressed into so small a space The little voluifte has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket com^moxi.**—Eii^neerin£^. 

Analysis, Technical Valuation, Purification and Use 

of Coal Gas, By the Rev. W. R. Bowditch, M. A. With wood engravings, 

8vo, cloth, I2s, 6d, 

Condensation of Gas — Purification of Gas— Light— Measuring— Place of Testing Gas — 
Test Candles-j-The Standard for Measuring Gas-light — ^Test Burners — ^Testing Gas for 
Sulphur — ^Testing Gas for Ammonia — Condensation by Bromines-Gravimetric Method of 
takmg Specific Gravity of Gas — Carburetting or Naphthalizing Gas— Acetylene— Exi)losions 
of Ga^— Gnawing of C^pipes by Rats— Pressure ais related to Public Lighting, etc. 

A Practical Treatise on Natural and Artificial 

Concrete, its Varieties and Constructive Adaptations, By Henry Reid, 
Author of the * Science and Art of the Manufacture of Portland Cement.' 
New Edition, with 59 woodcuts and 5 plates, 8vo, cloth, 15J. 

Hydrodynamics : Treatise relative to the Testing of 

.Water* Wheels and Machinery, with various other matters pertaining to 
Hydrodynamics. By James Emerson. With numerous illustrations, 
360 pp. Third edition, crown Svo, cloth, 4J'. 6d, 
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The Gas Analysis Manual. By F. W. Hartley, 

Assoc. Inst C.E., etc With numerous illustrations. Crown 8vo, 
cloth, 6s, 

Gas Measurement and Gas Meter Testing. By 

F. W. Hartley. Fourth edition, revised and extended Illustrated^ 
crown 8vo, cloth, 4J'. 

The French- Polisher s Manual By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6^. 

Hops, their Cultivation^ Commerce, and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8vo, cloth, 4J. 6d, 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas, By William Richards. Demy 4to, with numerous 
wood mgravings and V) plates y cloth, 28j. 

Synopsis of Contents : 

Introduction— -History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by Jf. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs. — Retorts, Iron and Clay — Retort Setting — Hydraulic^ Main— -Con- 
densers— Exhausters — Washers and Scrubbers— -Purifiers — Purification— History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron- Specifications— Gas Holders— Station Meter — Governor — Distribution- 
Mains — Gas Mathematics, or Formulae for the Dbtribution of Gas, by Lewis Thompson, Esq^.— 
Services — Consumers' Meters— Regulators— Burners— Fittings — rhotometer — Carburization 
of Gas— Air Gas and Water Gas--Composition of Coal Gas, by Lewis Thompson, Esq. — 
Analyses of Gas — ^Influence of Atmospheric Pressure and Temperature on Gsis— Residual 
Products— ^Appendix— Description of Retort Settings, Buildings, etc., etc 

Practical Geometry and Engineering Drawing ; a 

Course of Descriptive Geometry adapted to the Requirements of the 
Engineering Draughtsman, including the determination of cast shadows 
and Isometric Projection, each chapter being followed by numerous 
examples ; to which are added rules for Shading Shade-lining, etc., 
together with practical instructions as to the Lining, Colouring, Printing, 
and general treatment of Engineering Drawings, with a chapter on 
drawing Instruments. By George S. Clarke, Lieut R.E., Instructor 
in Mechanical Drawing, Royal Indian Engineering College. 20 plates ^ 
4to, cloth, 15J*. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Lieut. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrationsy crown 8vo, cloth, 5j. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Lieut Royal Engineers. With 112 illustrations, 
4to, cloth, i2s, 6d, 
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The New Formula for Mean Velocity of Discharge 

cf Rivers and Canals. By W. R. Kutter. Translated from articles in 
the ' Cultur-Incenieur,' by Lowis D'A. Jacksok, Assoc. Inst. C.E. 
SvD, cloth, 12S. (td. 

^•Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc By Thomas Box. Fifth edition, 
Hamtrem ptales, post 8vo, cloth, 51. 

A Practical Treatise on the Construction of Hori- 

vrntal and Vertical Walerwketls, specially designed tor the use of opera- 
tive mechanics. By Witi-iAM Cullkn, Millwright and Engineer. IVith 
II plaits. Second edition, revised and enlarged, small 4to, cloth, 121. 6d. 

Hid Book to Engineering Enterprise Abroad. By 

Ewiso Mathesoh, M. InsL C.E. The book treats of Public Works 
and Engineering Enterprises in their inception and preliminary arrange- 
ment ; a{ the diiTerent modes in which money is provided for their 
accomplishment ; and of the economical and technical considerations by 
irhich success or failure ia determined. The information necessary to 
the designs of Engineers is classified, as are also those particulars by 
which Contractors ma/ estimate the cost of works, and Capitalists the 
probabilities of prußt. Illustrated, 3, vols., 8vo, I2s. 6d. each. 

WThe Essential Elements of Practical Mechanics; 

haifd an the PrinätU ff tVork, designed for Engineering Students. By 
OuVER BvRNi, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 14S vmod engravings, post 8vo, cloth, 
7/. 6d, 

Contents : 

Clup. I. How Work it Mcasurtd by a Unit, bniti with snd without nCerencc to a Unit 
" ■^-— -Chap. 1. The Work of Living Asenis, the Infliitnce of Friciion. and intiudum 
mosL bcautirol Lawt of Motion— Chap. ^ The principles ttpouniled in the firsi and 

iipit MBchinu— Chap. 5. Useful Propiuilioni and RuIei. 

The Practical Millwrighis and Engineers Ready 

Reckaner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixoh. Fourth edition, lamo, cloth, 3J. 

wPreweries and Mattings i their Arrangement, Con- 

slruction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. With 20 plaits, 8vo, cloth, l&r. 

p.4 Practical Treatise on the Manufacture of Starch, 

GhicBse, Starih'Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pcsth, and 
other authorities. By JuLitts Framkel ; edited by Robert Hutter, 
proprietor of the Philadelphia Starch Works, IVith 58 UlustraHont, 
344 pp., Svo, cloth, iSiT. 
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A Practical Treatise on Mill-gearing, Wheels, Shafts, 

Rigg'^s, etc, ; for the use of Engineers. Bv THOMAS BoX. Third 
edition, wifA 1 1 plates. Crown 8vo, cloth, yj. dd. 

Mining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andr]^, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on CoaJ Mining, con- 
taining 182 plates^ accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery fbr Prospecting, Excavating, Hauling, and Hoisting— Venrilation— Pumping— 
Treatment of Mineral Products, including Gold and SUver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 



Tables for Setting out Curves foK Railways, Canals, 

Roads ^ etc, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2j. 6^^. 



The Science and Art of the Manufacture of Portland 

Cement, with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,* etc., etc. 8vo, cloth, i&r. 

The Draughtsman! s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.£. 4to, cloth, px. 

Contents : 

The Drawing Office and its Furnishings — Geometrical ProbleraS'^Lines, Dots, and their 
Combinations — Colours, Shading, Lettering, Bordering, and North Points — Scales— Plotting 
— Civil Engineers* and Surveyors* Plans — Map Drawing — Mechanical and Architectural 
Drawing — Copying and Reducing Trigonometrical Fonnul», etc, etc 

The B oiler-maker^ s andiron Ship-builders Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,* etc. Second edition revised, with illustra' 
tions, crown 8vo, cloth, 5J. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andrie, 
F.G.S., Assoc Inst C.E. With 56 illustrations and l^ plates^ 8vo, cloth, 
ios,6d. 

Surcharged and different Forms of Retaining Walls. 

By J. S. Tate. ntuHrated, 8vo, sewed, aj. 
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A Treatise on Ropemaking as practised in public and 

private Ropcyardsy with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, ßj, 

Laxtofis Builders and Contractors' Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing %2 tables, with nearly 30,000 csdculations. 
4to, cloth, 5J-. 

Laxtons Builders' and Contractors' Tables, Ex- 
cavator, Elarth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5^. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts, 8vo, cloth, i/. iolf. 

Screw Cutting Tables for Engineers and Machinists^ 

flving the values of the different trains of Wheels required to produce 
crews of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Royal ovo, cloth, oblong, 2J. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, royal 8vo, oblong, cloth, u., or sewed, (id, 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch*s, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6s, 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S, Christopher. i8mo, sewed, 6d, 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised bv his Son, E. F. Bailey-Denton, C.E., B.A. 
WitA 140 illustrations, ovo, cloth, Ss. 6d, 
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Treatise on Valve-GearSy with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner. 
Third edition, revised and enlarged, translated from the German, with the 
special permission of the author, by MORITZ Mt^LLER. Plates^ 8vo, 
cloth, \2s, 6ä, 

A Pocket-Book for Boiler Makers and Steam Users ^ 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of M^ufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, 5^. 

The Strains upon Bridge Girders and Roof Trusses y 

including the Warren, Lattice, Trellis, Bowstring, and' other Forms of 
Girders, the Curved Roof, and Simple and Compound Trusses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 illustrations^ drawn and worked out to scale^ 
8vo, cloth, I2J. 6d, 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates^ in one Volume, half-bound morocco, 2/. zs, ; 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam En^nes without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Fumiung, Winding, Portable, Semi- 

S>rtable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
reat Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion-blocks,^ Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Farts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct. 

Barlow s Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, 6j. 

Camus (M.) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
practice of Millwrights, Engine Makers, and other Machinists, by 
Isaac Hawkins. Third edition, with \% plates, 8vo, cloth, 5^. 




A Practical Treatise on the Science of Land and 

Engineering Surstying, Lnielling, Eilimating Quanliiies, etc., with a 
general description of Ihc several llistiumeDts required for Survejnng, 
Levelling, Plotting, etc. By H, S, Meerett. Third edition, 41 flala 
•wirh illustrations and labli!, roya.1 Svo, cloth, \lt. 6d. 
pRiNctPAL Contents : 

Fan I. InlroducIidB and the PHaclpIn ot Geametry. PaR i. land SurveyinEi com- 

Bisine General Otecrvaliom-'Thc CtuuD— OfTsets Surveying by the Chain only— Surveyine 
_,llly _CrQuii*rTu Survey an Ejcale or Pamh byth« cSain only— Surveying with Ihc 



Hilly CrQuirf— Tu Survey l. 
TheAdnlite— MInidi a.ai Tn« 

Laying dot of Land — Obscrvati 

Simple and Compound Level I iuf— The Lcvr 



irveylnB-Raili 



cSain only— Survey 
irveying-Mappin«-] 






Tri«ODoni(-., . 

PHrRiuiientary Plan and Stciion— 

lU— Wooden CurvB<— To Lay que a Railway Curve— 
CalaikcinE QuanLitiei Eenerally far Eslimatu— Cutlingi and 



Level — The Priimatic CompB 
(raph— Memtf ä " 
SlTol^bl Edge a 



i improved Qua-,,- , 

.. . and SeclDT, Part 6. Lognrilh 

Cn-Soies, Tangents and Co-Tangenls— NatuisI : 
'ir Sslling out Curves, and fui varinui Caleulatio 



Scale— The Diagonal Sealc- 
f Numbers — [xsajiuimic Sinei and 
and Co-anea— Tabt« for Egrthwoik, 



IS of Ni 



Saws : the History, Development, Action, Cletssifica- 

and Cemforison 0/ Sawt of alt kinds. By Robert Grimshaw. 
220 illuslralians, 4I0, cloth, 121. M, 

Supplement to the above; containing additional 

prKticnl mntter, more especially relating to the forms of Saw Teeth for 
special miteriaj and conditions, and to the behaviour of Saws under 
particular conditions. H'ilh 120 illustrations, cloiii, gj. 

f Guide for th£ Electric Testing of Telegraph Cables. 

By Cspt. V. HosKKER, Royal Danish Engineers. With iHustrationi, 
second edition, crown Svo, cloth, 4^. dd. 

Laying and Repairing Electric Telegraph Cables. By 

CapL V, HosKlCER, Royal Dsnish Engineers. Crotvn Svo, cloth, 
V.f>d. 

%A Pockßt-Book of Practical Rules for the Proportions 

ofModtrn Engines and Beitm for Land and Marine purposes. ByN. P. 
Burgh. Seventh edition, royal 32100, ronn, 4J. 6rf. 

s of Logarithms of the Natural Numbers, from 

o ioS,ooo. By Charles Babbage, Esq., M.A. Stereotyped edition, 
roj^ Svo, cloth, ^s. 6d, 

I entuie [he correclne» of ihe^e Table; of Laeuilhn«, they were rompand wiih Callelt's, 
't, Hutton's, Uriggi', Gacdinci's, and Tayloi^ä Tablei of LogBrithnu, and carefully read 

up in Lh4 Hall al C:ambiid^ University, sod a reward sVertd 
Inaceuntcy. Sd Correct are IhcH Tables, that lince their fir» 
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The Steam. Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval College. 
8vo, cloth, I2J. 6d, 

The Practice of Hand Turning in Wood, Ivory, Shell, 

etc., with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning, in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis Campin. 
Second edition, with wood engravings, crown 8vo, cloth, 6/. 

Contents : 

On Iiathes— Turning Tools— Turning Wood — Drilling— Screw Cuttingr— Miscdlaneoas 
Apparatus and Processes— Turning Particular Forms — Staining — Polishing— Spinning Metals 
— Materials — Ornamental Turning, etc. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self-Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy 8vÖ, cloth, yj. 6flf. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A,, F.S.A. With 32 illifstraiions, crown 
8vo, cloth, 6s, 6ä. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — Time— Historifcal Sum- 
mary^— On Calculations of the Numbers for Wheels and Pinions; their Proportional Sizes, 
Trains, etc. — Of Dial Wheels, or Motion Work — ^Length of Time of Going without Winding 
up — The Verge — The Horizontal— The Duplex— The Lever — The Chronometer— Repeating 
Watches— Keyless Watches—The Pendulum, or Spiral Spring— Compensadon — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen— How to Choose 
and Use a Watch, etc. 

Spons' Engineers' and Contractor^ Illustrated Book 

, of Prices of Machines, Tools, Ironwork, and Contractors^ Material; 
. and Engineers* Directory» Third edition, 4to, cloth» 6s, 

Algebra Self -Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2j. dd. 

Contents : 

Symbols and the Signs of Operation — The Equation and the Unknown Quantity- 
Positive and Negative 'Quantities — Multiplication — I nvolution^— Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms-rLogarithins — Tabfes of Lo^uitnms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Loearithms — Compound Multiplication and the Binomial Theorem — Division, 
Fractions, and Ratio— Continued Proportion— The Series and the Summation of the Series- 
Limit of Series— Square and Cube Roots— Equations— List of FomHulse, etc. 
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IS 



• JUST PUBLISHED. 

In super-royal 8to, zx68 pp., with 340» illustrations^ ia 3 Divisions, cloth, pric« X3f. td. 

each ; or 1 vol., cloth, ?/• ; or half-morocco, 3/. 8x. 

A SUPPLEMENT 

TO 

SPONS' DICTIONARY OF ENGINEERING, 

Edited by ERNEST SPON, Memb. Soc. Engineers. 

The success which has attended the publication of * Spons* Dictionary of 
Engineering * has encouraged the Publishers to use every effort tending to 
keep the work up to the standard of existing professional knowledge. As the 
Book has now been some years before the public without addition or revision, 
there are many -subjects of importance which, of necessity, are either not 
induded in its pages, or have been treated somewhat less fully than their 
present imporfance demands. With the object, therefore, of remedying these 
omissions, this Supplement is üow being issued. Each subject in it is treated 
in a thoroughly comprehensive way ; but, of course, without repeating the 
information already included in the body of the work. 
The new matter comprises articles upon 



Abacas, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural. Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony. 

Axles smd Axle-boxes. 

Bam Machinery. 

Belts and Belting.. 

Blasting. Boilers. 

Brakes. . 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Diiferential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washmg. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper, 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetails,Telephones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat, Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifls, Hoists, and Eleva- 
tors. 



Lighthouses, . Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters, 

Ores, Machinery and 
Processes employed to 
Dress, 

Piers. 

Pile Driving. 

Pneumatic Transmis- 
sion, 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 



NOW COMPLETE. 

IVüA nearly 1500 illusirations, in super-royal 8vo, in 5 Divisions, cloth. 
Divisions i to 4, 13J. 6^. each ; Division 5, 17J. dd, ; or 2 vols., cloth, jC^ lox. 

SPONS' ENCYCLOPEDIA 



OFTHB 



INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following : — 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 51 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay, 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

pp. 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

PP- 
Explosives, 22 pp. 33 figs. 

Feathers. 

Fibrous Substances, 92 

pp. .79 figs. 
P'loor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 1 7 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfiimes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs." 
Printing and Exigraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, ^s pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

ngs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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